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Isobaric Multiphase Cooling−Flow Model
10 15 20 25 30 35
Wavelength (Å)
0.6
1.2
10
50
 P
ho
to
ns
/s
/Å
 /(
M
so
la
r y
r−
1  )
O
 V
III L
y
α
O
 V
II H
e
α
O
 V
III L
yβ
M
g X
II L
y
α
M
g X
I H
e
α
N
e X
 L
y
α
N
e X
 H
e
α
F
e X
X
IV
F
e X
X
II
F
e X
X
III
F
e X
X
I−X
IX
F
e X
V
III
F
e X
V
II
F
e X
V
III
F
e X
V
II
A
l X
III &
 X
II
Si X
III &
 X
IV
N
 V
II L
y
α
C
 V
I L
y
α
 
 
Z+5:;78.<+ Z.<53ﬁD)7fZ/2.!91 QfO3;>R+ 3+ -/2|Q 9>)78D)Z/P4<h+;7!DR4<OP/2.<+4q:yx,3+540:;.8D)Z78DROP1
Z>)94/297'k3p@ 91+Ł7<+;Q"Z;.0/2789.<+ŁQ/UT%D)Q 9Q 3+?6F+jG+;7 /eEF+5:Ł91+ŁQf;70/2>)>)DR:;D)7< & &PW

(3p@M/2Z.<54
$g+;7<+;.<4<OP1+;7H/2>A'  L

W/y'61 Z+;97 .<+;Q/2.<9+;. DR:;Dk>A@ D)Q"ZOP.870/21:5+"3+54 .0/2DR+54,N+#v /2D)14<Dk9+ >R+54
.0/2DR+54 
	 	 	
'
eSk$F$ﬁ	" $d)4k$6$
	" $p)/Ldea}
>'>
Ł`h
h"[pq5$Ri@D,)/q#%Y8$)j!	Y 3{
Q
R6ﬁ8
	")jR 3
	65
$ ﬁvBT8$#I!	
	$3 -'"cvD Cw#,	'(	)!C	vB #ID)j3$#I)jSm5
Q
	"8zF$)nlYNB D)n
8$F8]8
$$D_57)j'	
Q
R3LGBT8$#I!	
	$3H
$ﬃ3D9
	G3
	G C'Dﬀ)/G57ﬁ8
	"$9
Ai-'"cH{t p8$ﬁ$6
	
]¤=(  !oﬀ+;ll&%'ﬂh!w@|",ﬂh #ﬀ&]h&5wﬀ&A/ ﬀ&ﬂh%±#%±))  ¥
10 15 20 25 30 35
15
30
24
48
Abell 262
10 15 20 25 30 35
15
30
4
8
Abell 1837
10 15 20 25 30 35
10
20
10
50
 P
ho
to
ns
/s
/Å
231
462
10
−4
 P
ho
to
ns
/c
m
2 /s
/ÅM87
10 15 20 25 30 35
3
6
3
6NGC 533
10 15 20 25 30 35
Rest Wavelength (Å)
9
18
Composite Spectrum
 
q  
XYOPQ"Z/2.0/2DR4<OP13+54 3OP115+54Ł3+=(0 0V} ,+*)Ł7<OP1 OP7<+;19+54?/5EF+5:,>R+ # 3" q+;1 >R+;9
/eEF+5:,91 QfO%3;>R+ 4870/213/2.<3 3+ :5OP9.0/217?3+,.<+yx	.<OPDR3ﬁDR404<+;Qf+;17 q+;1 EF+;.87'y' 9Z[+;.8ZO(4< q+;1 .<OP9-F+  
91QfO%3;>R+H+;Q"ZD).8DR9+I9Dﬃ/o9487<+I/29hQ"DR+;9ﬁT >R+54?3OP115+54e'[XY+54 .<5489>)70/27<4?QfOP178.<+;17=>A@M/240+;1:5+
3+54 .0/2DR+54H3p@C;Q"DR4048DROP1:e/2.0/P:;7<;.8DR4878DR9+54I3ﬁ9 -/2|/29ﬁTZ>)94 /P4<4<+54,7<+;Q"Z;.0/2789.<+54e'w*!@M/2Z.<54$g+y}
7<+;.<40OP1h+;76/2>A'  L

W/
F$#K58$ Rﬁ
	YL*s^
	d#%YW$)!
	G+8$68P
#K5(ﬁ8
	G?0tX$	"$$@ 3(	]
7RD6
	G@
p)!i +MeSk$w
-n
$ 3 SD-pM25
$Sﬁ#%$6$ah	$R^)!ﬀ	Y6$)D)jD6NJpuvuZw3x]$yNFve O#I]$\)/L/[&}
>'>:
7¡P'	$ 
$)/L/[N}
>'>:
hL\\
	]C3
	PBT8$#I!	
	$3q¢nJnJK$wJnJKR {
:>
w
:
ŁK[_57ﬁ@$7^t-'"cI{%9
F$#K58$ RﬁBT$@"D

:
&Ł t)/6$#K58$Sﬁz)/ﬁ83-3 026$$9ea)/z57)j'	Z
Q
(6h"[A
8$F8t8$6
$F8

	
[n#% K)CBT02!	$6$9
%B RE-'"cA57)j'	iﬂﬃﬁ 'Lps^65$7'D[KO$98$#I!	
	$3
	
3
	%¢]JiJGwJv&z{
:
Ł2w
:
	
9B 8$68z8$6
$68
z)!ﬁ	%lY
$)D)!
	$wC$^	"d F$7
	I	$k)!
-'"cd	"Gﬁﬂﬃﬁ Dﬃ	YlYNB {t
	G6$#K58$Sﬁ
	G 
W
	]X
	
	"
	P
#I#%G)!^57
8CDﬀ)!d#%YW$)!]P
C
Gﬁﬂﬃﬁ !	
	"$#%$aL
]5$_@D^	$R+)/  b-

:
L
:>
)/H
#K5(!	"$ ﬁ)!
	+	65
$ ﬁ
	#%Y8$)j!	"8
	'(	+)!KC'ﬁ
B R
CNpﬁﬂﬃﬁ !	
	"$#%$.D#K57)j lY(.)CBT02!	$6$9
GB %-'"cd#I)j m5
Q
	"8A$N)!
	]X$	"$ﬃ@w
S3(	%AJpuuqw3x]$yNFq5lY= ﬁz#,	,P-')/1023
	YL*GB 'X$	"$9
z

	,3
	%BT8$#I!	
	$3
ﬁ$#%$d$lY
	$ 3)!H	"
8$7ﬃ3t	$a7't
p,ﬁﬂﬃﬁ !	
	"$#%$p$*57)j'	$3$
	,D6$ﬃw
57ﬁ8$a 3(	5"	
	$ XY)!
	P8$68d	$2-"-8$ﬁ8

	5GF$6$ABT0`57)j lYO$P
G9@C
8
	$)j3aL
( 1   C  
0" B 
&*B 'X$[^U5$R95$(	"$plY*B D)79BT02!	$Fﬀ5(	]-'"c+57)j	.ﬂﬃ
 ,lY]lY$)/lYO
	n~'('(	
)!p
$ 
K
	K#,	n^-')/1023
	YL A(	p
dC	
[_D)7D*02!	$6$RH5 Q 8$9#%W$9iC$5('XY)!nn)!$w
SD%# 	$#%P	$6
5'5$I)!Uﬁﬂﬃﬁ !	
	"$#%$k{U5(ﬃ D%B 9t
$ﬃ3D9I6$#K58$C 
ve
7$ 3([
^x^hLis^
$^	"$#,XY)!, &$D)!%CI)!I#%8
C!	$#%,Uﬁ8
 Q ﬃp$#%$n$@"CDi)!ﬁ	P	B $5'57)j lY$
R lY$#%$A-'"ci)!457)j'	_ﬂﬃﬁ [9	Y(	#%Y  $)!kﬁﬂﬃﬁ !	
	"$#%$.X$	"$$@8k{k57)j'	 Q Fn6$#Iw
58$SﬁYL]BT8$ (I])/v
7$S3e$ ﬁ])!
	I
O Q 
	I0268$ﬃ3$Rﬁ
	k57)j'	I Q =
	I$^)!,
"$
ﬂﬃﬁ $hU#%SﬁAlYI
G#%8
C!	$#%p9BT
	$\5(	H'&C
,eg7/-$+)/L/[*}
>'>
}YhL
] Q ﬃi"-ﬀ5(iRt^x 
$S)_
	$4	"
8$7ﬃ3PSﬁW
	]8$S(38YL  Q $D-$d$ﬀ)/L*ea}
>'>
}$h
	$2-"-W$ﬁ,ﬁﬂﬃﬁ !	
	"$#%$kDF$ﬃ#ID F$K
83-)!8G5(t
	G58$ﬃ3Y
	%B $ D@"DF8$dﬁ65"	t
)CB ^x 
$S)/L(xA'	kﬁC!	"$F$ﬁ(	i
^	"
8$7$3ds Q $57D 


L\57ﬁXY)!W$#%i
	$
8$'	
	$D
{Gﬁ8
 Q ﬃp$+)!N-'"ci&ﬂ`

I	$o?#%8$ ﬃ lYO
[
klY7	"$#,XY)! &$D)!ﬀ	$&)!#%8
C!	$#%+i Q ﬃi"-

	$i)CBT0`5((	$3
	k1$	'3Z'(	,)!#ID)j3$ED w#,	YLps^65$7'[i,ﬁ8

$D	t8$@$)!
57w
5$#%$	eS	Cc$~'y.	
~+$)/L/[+}
>'>
Ł`h,#% ﬁ$lYH)/!	
	$m5( 3@"!	YlYO$'	"PBT7
	d	"9ﬁ
	
'(	p)CB sbuv[_-8$98$ﬁ8

	p)!ﬁ	G
	^5 Q 	"
	dB $SD@"D68]K)CB ^xn[5RﬃDﬀ$5'5ﬃF$k	$ &	Y#I#%$
i
Q
ﬃi"-YLR\
	KX$	"$ﬃ@S3(	Ks
Q
7])CB #,	^k$ﬁ	"8
GeS¢_'XY %$)/L/[_}
>'>
Ł`hk	"$#,XY)!$

 *ﬃ#%$A
d	"
8$7ﬃ3L
$)
	$&5"	
	$ XY)!N5(KD)D)!$Rﬁ	pB D@YlYO$n)CB D6$$@$ 3vB R#%8
C!	$#%N5$ﬃ#%$ a4U-'"c
	"nﬁﬂﬃ
 D	Y(	d8$#%$ Sﬁd

	n3
	YL7p3-$)j#,  ¢_'XY e
:';';>
hI_	$2-"-8$ﬁ8n)/i5"	
	$ XYD)jD68
B RV#%8$)/-q-'"czlY+	BT
	$kﬁﬂﬃ
 n{R9,6$#K58$Sﬁ%,)CBTCﬁ
:> 4 ¡ @
U)!P-'"c

Q
={
:> 7 ¡ ﬁ$7'K
,$ﬃ3$PD@"!	$ XY)!YL.6$#K58$Sﬁ  *7)!,8$an)!ﬁ	
[nB $57ﬁW
	P)!
	
R6$
	Pd)CBTCﬁP
√
ThotTcold
L
n-'"cH865"	"85(d)!I
C^Gﬁﬂﬃﬁ !	
	"$#%$95$D+	
	$N'X$	"YX$$d)CBT8$#I!	
	$3q
	
3
	APX
	
	"
	H8$9$S-3
	YL_x]F(	PlY])!
	]ﬁ83-3(	H%$)CBTS6$7%)!57)j'	PB 'X$	"YX

ﬃﬁ
	$w
57$XY3$E?0z
83-3(	I%$Z)!d-'"c
	$^)!n57)j'	ﬀﬂﬃﬁ 'L.x]'	Pﬁ$@"3$7ﬁ(	57)j'	$8$3D)m	G	$R
)!
	5
Q
8$9#%W$9
	]B 'X$	"a57 3%-'"cpJ 5(d)!K-'"c*ﬂﬃ
 z'(	d)!
	,s
Q
$57DSﬁ
	G}Z$7L
+ *([K¢\'XY  $H)/LHea}
>'>:
hEAﬁ8

$#I#%$57ﬁ
5"	"8R9
Q
oﬃ5
Q
W
	"z	"$)! )/'lY$)D)!
[G)/
#%8$a)D)j3$D68K5ﬃD	$ ﬁUD
Q
#%C-W$9,$G
9
$ ﬁ8
,'(	,K5$SD6
	U("-
	I 
W
	I$3
Q

	,{
-7%8

Q
$)D)!
[)!,#ID)j3$q	"$#,XY)!
Q
#%C-W$9I#,!	U)!
	U#%8
C!	$#%
	IUﬁﬂﬃﬁ !	
	"$#%$+	BT02w
57ﬃD#%$I p8$ﬁ$#I#%$aL ](	
	"
8$7ﬃ3"[H'(	v)!#,D9Z
	
Q
F
	ZF$#K58$ Rﬁ
	
[P)/{
%$)!Io9$#%$nﬂﬃ
$D7"-I#ID9
[ﬃ3$E9BT
	$K p8$ﬁ$3LN%
 
U{qX
	
	"I6$#K58$w
Sﬁ
[)!ﬁ	YlYOk)!nﬁﬂﬃﬁ !	
	"$#%$(5()CB D6$$#%8C Dﬁk
	nC3
	nBT8$#I!	
	$3z$@"3$\D#K5ﬃaD[
)CBT8$9$S-3Go98
5(])!
	]3
	
[57ﬁ@$7
	5$ DD	]="-
	]ﬃ3
Q

	I$#%8$30?[
	$ﬀ#%D(	
D#K5ﬃa6plYOG'(	K)!]C	dB R#ID)j3$
Q
#%C-W$9
[\uEﬃﬃ!	  ¢_'XY ea}
>'>
Ł`hL*s^
$=5ﬃCD
)!ﬁ	H0`57)j lYO$d)CB 'X$	"$9
GI
$ﬃaD9
	G3
	ABT8$#I!	
	$3q'(	G)/zX
7nJAL
s^
	 p8$ﬁ$D	v	"
8$7ﬃ3"	Aﬂ1H)CBTXS1$,BT8$S(
	ZSﬁW
	Z	$D@"3
	'(	q)!#,D9
	tJ {
)CB
Q
$Rﬁz$S$)D)!YL+
	vX$	"$ﬃ@S3(	 
W
	tﬁ8

$F
	IJpuvuZw3x]$yNF([Hn	Y(	$R R6
R@$ﬃ^R9P9R@$)D)!A@3H'(	])CBT8$ =I
	U
RD	IPﬁﬂﬃﬁ !	
	"$#%$aLs^
	Aﬁ8
	$R)j3D	A	"w
)!W$@$\9a#I#%$R9\ﬂ1!	nN57)j	n)/IlY
	$S3n)CBT02!	$6$9
iB 9N5
Q
	"k 
W
	\ﬂﬃﬁ KP-'"c

$ ﬁA
	A#,	AK-')/1023
	
[**ﬂ`

57)j'	Nﬂ1ﬃFI$9
ﬁAlY5(G)!5(	
	"8YL
¯)ﬂ·oﬀ ;8@&%¡ﬂh## "rw]##ﬀ&
z
"$%
	%#,	H-')/1023
	
[p%$E)!
p,ﬁﬂﬃﬁ !	
	"$#%$iD 	$ 
,)!G57)j'	,Dw
F$(	"
[b
	$=57)j	p
#K57)!0RlYp
nlYb8$3D_	$"5'5"	"8_ﬃ'	YlY*B )!ﬁ	YL=
	D#,"-
	n{
Q
6kﬁ8
	")jR 3
	65(S )!UXY6$O
	A ﬁW
	Hﬁ8

$#I#%$@
A)!G	Y6$)D)jDFpJ s
Q
7[k+#% 
8P)/t#%a5
Q
)!C-3
]¤=(  !oﬀ+;ll&%'ﬂh!w@|",ﬂh #ﬀ&]h&5wﬀ&A/ ﬀ&ﬂh%±#%±)) (0
 
q  	
Q/2-F+ # 
!
3+>A@M/2Q/P4J3+ $g+;.<4<5+ ﬂ O%+;.8D)1-F+;.#+;7#/2>A' & (W/I/297<OP9.#3+">S/
-/2>S/UTﬁDR+!:5+;178.0/2>R+ 3IX &eLF\ ﬁ'9.H:5+;787<+!D)Q/2-F+"4<OP17I4<9Z[+;.8ZO(4<54,>R+54H:5OP17<OP9.<4I3+!>A@C;Q"DR4048DROP1
.0/P3ﬁDRO!/27878.8D)9

>A@  3( :5+;178.0/2>A',61 Z+;97 EFOPD). 9+=>S/HZO(48D)78DROP1 3+54 >ROP+54 .0/P3ﬁDRO(4Y:5OP.8.<+548ZOP13

91VQ"D)1D)QJ9Q 3+H>A@C;Q"DR4<4<DROP13/2146>S/!/213+I!'vw+JZ>S/P48Q/"D)178.0/U}~/2Q/P4 /f;7<J3;Z>S/P:5#4<OP94
>A@M/P:;78DROP13+54ŁZ/2.878DR:;9>R+54=.0/P3ﬁDRO,>ROP.<4?3+H>A@C+yTﬁZ/2148DROP1V3+54 8+;7<4e'
(     C  
0" B 
SﬁW
	]5(ﬃS3$)j3W$ﬁz-'"cq Q (
$Sﬁzv56$S3$)+)CB #,	$P*5$ﬃ#I!	#%$ Sﬁ
$V8$@" $9
])CBT02!	$F$9
PB 9ADF$$ 3D#K5$36,$ ﬁA)!d-'"cHD w#,	I$)/U-')/1023

$S)!AD(	$NlY*B @
AB  

	d	"'	$w3	$ $$ Rﬁ
	P])CB #,	YL
I5$4@Dk	$Ri)!
	d$?0ID#,"-
	
[\¢*/-'L
:
L
:
}[NB $57ﬁW
	k¢_'XY Z$*)/LNea}
>'>
}Yh"[R9]CﬃFd
F$#K58$ RﬁGD(	$*lY*B 9PCﬃ6AF$#K5	]dﬁﬂﬃﬁ !	
	"$#%$ﬀd)CB #,	]ik$
	"8
PXYF$
	
-
A0vX$	"$ﬃ@ 3(	]z	YF$)D)jD6s Q 7'L
 
qﬁ^
 -/29:<+gX /2.87<+ 3+7<+;Q"Z[;.0/2789.<+ 3+ (3IX &eLF\ V3/214 >A@M/2Q/P4!3+ $g+;.<4<5+

3ﬁ.<OPD)7<+ ﬃX /2.87<+3ﬁ9s7<+;Q"Z4I3+!.<+yx	.<OPDR3ﬁDR404<+;Qf+;17#3/214H>S/ Q ;Qf+!.<;-(DROP1 w3p@M/2Z.<54JN/2DS/21m+;7J/2>A'
 L

y'
5$R
(	$3F$AlY])!GF$#K5	Pd
ﬂﬃﬁ !	
	"$#%$+
	$ﬀSﬁW
	I
ﬃKeaD1ﬂ18$ﬃ3$P{
:> 9 (	6h
'(	t)!
	tﬁ83-3(	Z
$ C)!
	z)CB #,	YLG 
(	$3Fv83-')!$#%$p)/
Q
Fz)/F$#K58$ Rﬁ
@$ﬁ	%)!
$ ﬁz)CB #,	t657!	 ∼ < ~'(ﬃ'	YlY*B { ∼ Ł~'(L^zD)D)!$
	
[Gq5$K@D%lYO
BT
	$i)!,)!-Z
	,)!X$
	,C'3"	eﬂ  b-Rﬁ
:
L
:':
hvlY)!,F$#K5	%Uﬁﬂﬃﬁ !	
	"$#%$p
	$K)!d57)j'	

Rﬃ3LsABT
	$*)/{zlYO])CBTq ﬁR@])!n-'"cP)!57)j	*ﬂﬃﬁ 'L
"CA;0%'k)   ® , ·') 

	ID#,"-
	,s
Q
7Z 
$ ﬁ
	#,	,]-')/1023
	I9U#% ﬁ$N5(	,H	$o?#%8$ ﬃ3
	65
Q
8$ﬃ lYOZ -'"c	"
ﬂﬃﬁ !	
	Y3LK 
 D

[IX$	"$ﬃ@Z
	ﬁ83-3(	%$ )!t-'"cAﬂﬃﬁ 

	$]
9
$ ﬁ8z$dB Sﬁ
	%$VD)
	$d'X$	"$3L H,6$)D)!
	C@"D68
	z]8$68X$	"$ﬃ@8

	%	"$D
57)j	$3$ﬁ	#,	zI-')/1023
	YL\$vﬃ/-D9,	"$#,XY)!z	
	""$38
t{)CB $ D@"DF8zB 9%	"

%'3

$S)!'XYﬃDF8
b5()/K-')/1023n ALbG5$R_@Dﬀ	$R)/ b-Rﬁ
:
L
:':
eSp"
Q
ﬃD-$k$b)/L/[
:';';
Ł`h"[
)CBT8$#I!	
	$3'(	)/AX
7NJ)CB #,	kﬀk$
	"8
k{])/'lY$)D)!kH8$F8^	$g5$a5"	"8
+)CB D#,"-^C'3G
)/k-')/1023
$S)!YLR\
	nC@"D68
	'(	^)CBT8$#I!	
	$3GJ d-'"ci
ﬃﬁ
	657$5(Dﬂ`D6$#%$_@
^)/
5"	$DS3v
	p)!X$
	K'3"	YL*s^
	G$ﬃ3$ﬁ	]ﬀ$5'5(
$#I#%$48657)/
8p)!-'"ckJPL&KD(	$b)!
	c9
	
]¤=(  !oﬀ+;ll&%'ﬂh!w@|",ﬂh #ﬀ&]h&5wﬀ&A/ ﬀ&ﬂh%±#%±)) ((
)!
	*57)j	ﬂﬃﬁ 
	PeFK ﬁW
	ﬂ1$6]8$#I!	
	$3'(	n)/X
7^JhH9G
 D9$ $5(	p@
K)/i5"	$D 3
U)/z-')/1023z
$ C)!,S6$7O
#I#%U)!z
$ ﬁ%56$ 3$)ﬀ,)CB #,	YL*GBT0`5((	$3
	
)!X$
	n'3"	\1OG
$ﬃaD9$#%$bR )!iD#K5ﬃa*$3NlYi#%8
C!	$#%Knﬁ8
 Q $p$#%$
-'"cHDSw#,	YLb\
	UXY)D)!
	Id-'"cIﬁ8
 Q $p8

	k5ﬃC3$k$(	$RD6P
$#%6$I'(	A)!d-'"c
ﬂﬃﬁ U$@"Dﬁ7N
#I#%)!k#%SﬁAs Q "c@A$4)/L4ea}
>'>:
hP$*0`57)j lY$)!
	kD Q #%C-8$98$D68
	
'(	H)!
	CﬃF
	UI6$#K58$C 
,V
$Sﬁ,
	U#,	
[nlYﬀ	"$#,XY)!$v5 Q 8$9#%W$9p-8$98$)/L
xA6(	vlYNB R-7E9#,XYﬁB #,	v-')/1023
	'XYﬃD3A 
Hﬁﬂﬃﬁ !	
	"$#%$
5"	
	"WCd9p	"

]'3U'(	G)!$Ri-')/1023A
$S)!YL\kﬃ(	,e
:';';>
ht
	$ D#%AlYNBT$@"D

<g:$ 

	G
")jD-*-ny.	ﬀ57ﬁ8
	"$F$*83-')!$#%$b9G$ D@"D68K'3AD6$(	"K)j38
d{H)/A-')/1023d
$ )!YL
\K )!Ki)CB ^xf
$ )&'(	n)!
	]
	pnﬁﬂﬃﬁ !	
	"$#%$*
	$*
$ﬃaD9$#%$D#K5ﬃa3L
s^H#,D9,
	$n{z)CB Q $
I$ O$)D)!PR Q #K5B D@
	$S/-' 3#,1$RH'(	H)!I#,D9H
	
	$D#IR)/ 3(	d#%8$ﬃ lYO
	e D)j!	H$+)/L/[*}
>'>:
4kD9$o"[*}
>'>
Ł4K3-$)j#,([N}
>'>
Ł`hL

ﬀﬃﬂhk /Tﬀﬃﬂh%¡!  J",ﬂh¡ / ﬀ&ﬂh&
	YF$)D)jD6%G+MR  @D]8`{#I!	Z$8$@" $9
t)CBT02!	$6$9
z!	"
 DRD68
	'(	t)/
$(	$DF8tt)CB ?sbu B dX$$)D)ﬀ}
:
}$kdX$$)D)+Ł  
<
L+^5(ﬃ 3$R)j3$ﬁ[A

	$?0V#,	zI-')/1023
	
57ﬁ8
	"$F$d)!
	vCC$68$ﬃ!	$S lY
	zB R #ID)j3$oK	$(XYdpﬂ1ﬃ6
	D6$C$ 3(	$Sﬁt	"'	$w
	$Sﬃ$Sﬁ
	YLI	B  6$7'DI)!ﬁ	q{
lY

	q!	"
SDDF8
	z	"3$H
	]ﬂﬃ
D	q
Q
"
	YL
u!	z'(	
vC	
[K)/6$#K58$Sﬁ$57ﬁW
	%)!Z
Q
"qea@$
	%)CBT0268$$3$zt)CB #,	6hq$@"CD 	$Sﬁ
D1ﬂ18$ﬃ3$RﬁP{z)/z6$#K58$SﬁH@i
Q
"YL\
	X$	"$ﬃ@ 3(	P	Y6$)D)jDF%s
Q
7v5$ﬃ#I!	
#%Sﬁ$ZlYOBT
	$P)CB D@$ﬁ	"ZlYp	",57ﬁYDtea)/ ﬁ83-3 )/Z57)j'	q$(	"
	$U'	
	$])/v57)j'	
ﬂﬃﬁ 6h$UlYOZ)/v57ﬁ
	
	$3-'"cV
	$,
SDq
Q
'lY F8qZﬂﬃﬁ3LUs^
		$ $$ Rﬁ
	
ﬂﬃﬁ 
	]ﬀ)!ﬁ	ﬀ57ﬃ!	p)!K9# bﬂﬃﬁ	bﬂﬃﬁ 	Ie
)/ﬂﬃﬁ	6hL9^)D)!
	i	"757
X
'XY)!$#%$4O
	G{
)/]57ﬁ8
	"$9
PB R 
"$ﬀﬂﬃﬁ [^ﬁ8
	$ B 9^ﬂﬃ'	$3%5(	
	"8
YLs^
	A="-
	ﬀﬂﬃﬁ 	P'(	])/X
7
J eFlY$)/lYO
	d~'((h,9BT_5(	,8$68P8$ $DD	n5(])!I
Q
"I$ 
])!
	G	"'	$w3	$Sﬃ$Sﬁ
	U$ﬀ	$(X$	$!	$F$
$8ClYD)j XYﬁ]^57

	
	$3Zt	"$Dz#ID)j3$zD w#,	^57)j'	P
Q
('L^s^
	p
83-3(	ﬀ57)j'	4ﬂﬃﬁ 
	
5$R@$]"	"$D)D)!$z'(	)!P56$S3$)+%)CB #,	v
#I#%)!z#% ﬁ$G%
8

$6
	,	$D#IR)/ 3(	
R#%8$ﬃ lY
	eSRﬃ(	Z$])/L/[p}
>'>
Ł`hL\t

	$6-'"c$[G{9P57ﬁ
	
	$357)j	X
	
	"
[GE 	$Sﬁ
ﬃC
Q
8A	"	I)/]ﬂ1ﬃ#%,B 9lYO${v)CB ﬃﬃ3W$ﬁ, 
"$IF#,X
i 
$SﬁI)CB #,	YL4\
57ﬁ"

	
	$	KB 
$ﬁ8$ 3Zk	"'	$w3	$Sﬃ$Sﬁ
	A
	$49i#I!	]$q8$@" $9
+-
p{t

	GX$	"$ﬃ@ 3(	
{
Q
R6tﬁ8
	")jS3	65(  )!z'(	)/X
7PJPL+GBT8$S(8$3D)D)!8
t
	KﬂﬃﬁD	nﬂﬃ
 	
	$GB 
SﬁW
	-7HDF8$ 	$*'(	n)/H#%
	$
G%$v$)D)!*5$ﬃ#%$N'	
	$bG
SD7ﬁi)!
	ﬀ57ﬁ
57ﬃ38$68
	KU-'"c

Q
=v'(	I)!ClY$)46#,X$I)!t
"$ﬂﬃﬁ 'LN^v5(ﬃS3$)j3$ﬁ[,_!~
Q
)jDD$K)/Liea}
>'>:
htD@YlYO$
)/p57ﬁ8
	"$9
dB R
Q
#K5#,"-98$  lYOd	
	"CcdD#K5$3ke
:
w
:

µ
bhn5R]0`57)j lYO$p)CB 	65
$.SﬁW
	
8$SﬁD+
	Nﬂﬃﬁ	*ﬂﬃﬁ 	HX$	"$ﬃ@8
	A'(	ndX$$)D)_Ł  
<
L
ﬀ &% 
r5vm ( S~}rmSuq8~ srﬂrZq |
$)02!	$Ft9#,XYﬁ$?0ED73

	t'(	z)!z#,D9t@"!	$ XY)!]5@i	B DF$a57ﬁ8$6$'(	t
	"
8$7ﬃ3,I
C+Gﬁﬂﬃﬁ !	
	"$#%$aL
(     C  
0" B 
 
	ﬁ:	
Q/2-F+=+;1  # +;7  /2>)Z/ 3ﬁ9:5O+;9.( ﬁ'Mﬁ@× ﬁ'Mﬁ@ 3+=>A@M/2Q/P4 3+ $+;.<405+ AXYOP14<+;>)DR:5+
+;7=/2>A' L

& y'
y %¡ﬁﬁ%'ﬂhwA· #¡8%¡ﬀ&w]#5'uﬀ&]%¡ 
α
=ﬁW
	Ak'(	A)CBT8$ =I
	U
RD	UAﬁﬂﬃﬁ !	
	"$#%$[^)/tﬁ

Q
$ﬁ
Q
Iz-'"c,{z9H6$#Iw
58$SﬁKD6$ﬃ#%8C DﬁKP	")!$@8K-7
	nDF$ﬃﬁC-'S3(	k	$i)/H7 Rﬁd
	d8$#I!	
	$3(	d
57w
S lY
	UeF'(	p)/,3 
α
hI98YXY)/Dﬁ
	P$  *)/#%$3D

	]X$	"$ﬃ@8

	Gq
$ ﬁ]
	]#,	d'XYﬃDa
R
Rﬀp
ﬂﬃﬁ !	
	"$#%$3Lﬀs^
	i	$Sﬃ$Sﬁ
	G 
W
	p)jR#ID9$'	"
	P8$#%$ 6$=ﬃ	YlYNB {
:> 43erg/s
$95$R@$ 	$ ﬁP8$6$7O
	i	$Rd
	]!	$39

	G^57)j	$3$ﬁ	]/c"D9
	pK~
5YLi	65
$SﬁA
57S lY
BT8$#I!	
	$3
	C3
	
ﬃﬁ
	657{V
$)jpB 57)/	$#,nﬂ` XY)!%3!	YS3([K@
zKﬂ1ﬃ6
	
3
	dD6$CD6
	YL_p57
8
	"$9
Gd3
	]BT8$#I!	
	$3
57  lYOp98YXYR)/DﬁK	"$#,XY)!pD7 lYO$i)/G57ﬁ8$w
	"$9
KB RZ
Niﬁﬂﬃﬁ !	
	"$#%$aLO^qp$D[)!
	]8$#I!	
	$3(	  *)/#%$aDﬁ
	d$ 
α
9k	"
8$F
$68

	HlY*B 6RU
	p-')/1023
	U
$ C)!
	HB #,	H@
U
RkAﬁﬂﬃﬁ !	
	"$#%$aLbx]8Cw
#%D(	
[nD)k
	$p &$D)!z
#K57ﬁ$7ﬁ)!%)j3$ $ ﬁv

	8$#I!	
	$3(	z
57  lYO
	$p)!
	
RD	
Gﬁﬂﬃﬁ !	
	"$#%$aLﬀs^$$3D(	]#,	K	$g5'5"	"8
	A'XYﬃD6$dRHﬂ1ﬃ
C+Gﬁﬂﬃﬁ !	
	"$#%$N9
57ﬁ8
	"$F$.5(	
USo
5BT8$#I!	
	$37LbuD(	I)/v#%D 38,
	U#,	I $   8
	%
#I#%n5"	
	"8$w
'dR 
RPzﬁﬂﬃﬁ !	
	"$#%$P$ )!$Z
$Sﬁt	"H83-')!$#%$]8$6
$F8
	v'(	t)/E3

α
eS"-A$^)/L/[
:';';
}YhL_\
	d30%]865"	$D 3qp#,	
	"i	"$#,XY)!$+
65$7'ﬀ
$ﬁ8$)!8
	d@

)!
	I)j#ID9"	$DF8
	A
Hα
LKs^$)/t	$g5'5ﬃ6U)CBT02!	$6$9
,B V)j3$Dﬁ
$pD7D

$K$ ﬁU)!
	$?0
5
Q
8$9#%W$9
	YL=A#,	
	"k^-'"ci3!	"8p
	$b	
	"Cc*5$ D6p$b ﬁW
	p
9
$ 
8
kR6K)/d-')/1023

$S)!
[ne]

~#,E$+)/L/[
:';
	;
hL
MO.)!-'"cI
 DOG{I	"K
ﬂﬃﬁ DA$Z
Q
ﬁ	]K)/%X
7J ﬃ	YlYNB {%
	KF$#K58$ Rﬁ
	pSﬁW
	
X
	
	"
	
[N	B  6$7,{I 
@$K
8
	$ tA
-'"cK	"	i)/ﬂ1ﬃ#%dB D#I#%$(	"i
8
	"$ﬃ@DK
]¤=(  !oﬀ+;ll&%'ﬂh!w@|",ﬂh #ﬀ&]h&5wﬀ&A/ ﬀ&ﬂh%±#%±)) (
-'"c&ﬂﬃﬁ ]IXY3$H	"	ﬀ)/.ﬂ1ﬃ#%+BT8$6D)!
	Oﬂ1$#%8

	+{^5(ﬃ D
4-'"c"L4 \95(ﬃ 3ﬀ)CBT8$#I!	
	$3

	n3
	 
α
5RﬃDND(	$ 	$ ﬁp)/,
(	"8ClY$9
KB 9d$ D@"D68n	$6$)D)/DﬁnD#K5ﬃa6
[b9Rﬃﬃ3
5(U)!
d,ﬁﬂﬃﬁ !	
	"$#%$aLis^65$7'i)!
	,30nﬂ1ﬃ#,S3V	$6$)D)/Dﬁ%8CRDD	t
	
D73CF$ﬁ	%
57  lYO
	Hﬁ
	$F$ ﬁ
5zﬂ` XY)!
	%$
#K5(C!	"VI)/vlY= D68I#,	
	"U865"	"8

lYO+57
8$@Dﬀ)CB 7)jo"	"A
	A98

	AG)/zX
7kJPL
¯#/ ﬂﬀﬃl&%'ﬂhLﬁ@¡']%¡ﬀ&
H
	ZX$	"$ﬃ@ 3(	B dX$$)D)
:=<g;'
$ndX$$)D)^}
';=<

7DF
	A5(uE
xd#,  B s^9$)D)
e
:';';
Ł`h NuE
xd#,v$k)/Le
:';';
$hz+#I!	U$ 8$@" $9
])/P57ﬁ8
	"$9
PB 0R
W
	P
SD
XY)!$R6t)/v-')/1023Z  
$S)!YL]s^$P0R
W
	vC$68$$!	$  lYz)/t57ﬁ8
	"$9
BT8$6D)!
	
1$R9
	P#,	
	$D@
	I,
8
UI@"3
Rﬃ6%
	$45(ﬃS3$)j3W$ﬁ$#%$^	$Ra57ﬁ$7nF,B R9G-'w
)/1023^
ﬀ oﬃ5YLRp
83-3IBT0R
W
	+BT8$#I!	
	$3,
	$
 D9$ $6^@
ﬀ)/ﬀ5"	$D 3U
	ﬀ)!X$
	ﬀ'3
B R9d	"ﬁ
]'3%'XY$D68
H'(	H

	p-')/1023
	YL+s^65$7'D[*)/Kﬂ` XY)!5)/ﬃ!	YS3
SD
XY)!$q57$D@"D)!83-3z)!Gﬂ`DPlY
$)jDwC$GDk5qﬃ/-D9)/57ﬁ8
	"$9
vB $SD@"D68t	$6$)D)/DﬁYLPs^$S6
D1ﬂ1ﬃ#,S3Z	$A)/A5)/ﬃ!	Y 3V0R$)jRD[k$p$D[^)/A5"	
	$ XYD)jDF8PB 9H k	$3EZo'9$w
#%$]z)CB ^x 
$ C)\5(t)/z5'	
	$3W$ﬁZ)!
	v8$)!
$Sﬁ(	t)CB ?sbuLGBT02!	$6$9
BT8$6D)!
	
1$R9
	K,83-')!$#%$N8$68K#I!	"d$Z8$@" $9
K{P @$ﬁ	K)/^ﬂ1ﬃ6p'X$	"657 3
	n3
	Kki)j#%$ﬁ[
D73CF$nk)/n57ﬁ8
	"$9
iBT8$6D)!
	ik oﬃ5+ U+[b'(	xds
:
}
<g
5(+k=XYDe
:';=<'<
h"[#,!	
	
	$O57)j	pﬁ8

$#I#%$&5(kK)D)!$ e
:';';'
hIlY^
9$)jRﬀ{U)/d57ﬁ8
	"$9
]p9#,XYﬁ$	"
	]8$FD)!
	G
So
5P '(	d
	p#,	K-')/1023
	K'XYﬃDaNbﬂ1ﬃD	G
RD	diﬁﬂﬃﬁ !	
	"$#%$aL ](	k)CB  K
)/{%$)CBT8$#I!	
	$3
	8$6D)!
	d1$R9
	Z
	$A)/57)j'	Gﬂ1ﬃF
[G)/57ﬁ8
	"$9
vB 9v$ D@"DF8z	$6$)D)/Dﬁ
D#K5ﬃa6p
	$#I!	"d$Z8$@" $9
9bﬂ1!	nN57)j	
[93#I#%$=5(kMO#ID
Q
$.)/L4e
:';';=<
hA'(	
dX$$)D)
:=<g;'
L

§@%¡!#%¡",@®w %¡¡%¡)   # &%.! w]
ﬁ	YlYA)!d-'"c]	"Aﬁﬂﬃﬁ D&ﬃ'	YlY*B {
	]6$#K58$Sﬁ
	U
:> 5 ¡d[^D)bDn8$#%$  
H
	A3
	

8
	"79
ZP&$Is\C`L+8$F
$ 3SﬁW
	%
8

$6zv

	%3
	 i5(qi3-$ﬃ)!$])/L
ea}
>'>:
$h'(	AdX$$)D).}
';=<
	$g5'5ﬃ6U)!I	"
8$7ﬃ3z
pUﬁﬂﬃﬁ !	
	"$#%$D[K$ #%$ a
$8$@" $9

[PDﬁ
$F$#%$I$i5v)/v57ﬁ$#I3W$ﬁGﬂ1!	
[]R9U5
Q
	"q-'"cZD w#,	{ 9
F$#K58$ RﬁGD6$ﬃ#%8C DﬁYL
\]#,D9p@"!	$ XY)!GD(	$.lYOA
$)jR4d)CB )jSw6@"3)!$*$5'5ﬃ6$ﬀ9]K9#,XYﬁ$0,D73

	
$Pﬂ`@$P
	P
RD	P]
ﬂﬃﬁ !	
	"$#%$+$3lY] C
$ﬁ	Ht-'"cH{z
	]6$#K58$Sﬁ
	
DF$ﬃ#%8C Dﬁ
	
[N#,!	G	
	$+$Z
8$@8$)/*)/G57ﬁ8
	"$9
AB 9A$ D@"DF8K	$F$)D)/Dﬁ57)j'	GD#K5ﬃa6
lYO
lYRI8$aD, 6$7E5Rq
	-')/1023
	$)D)jm57  lYO
		$37'C'LIs^65$7'D[AD)m	q#%$ F$
	
	$ﬀ$qﬁ$)j3ﬂp)CBT8
Cﬃ*D#K5$3^lYR+02!	$6H$ ﬁG)!
	G30z4ﬂ1$#, 3v	$6$)D)/DﬁH$*)!
	Ga?0
t865"	$DS3#,	
	"d57ﬁ8CD	]5(,)!
	z98

	%)/X
7PJPL+\
	X$	"$$@ 3(	%'(	)!
@"!	$ XY)!^,
$ ﬁ+
	#,	^4-')/1023
	^'XYﬃDa&Rt
C9^ﬁﬂﬃ
 !	
	"$#%$25"	"$99ﬀ)/
lYO
	$ 3k)/]7SﬁKH-'"ciﬁﬂﬃﬁ b$.	YHlY(SD68YL7¢_'XY qe
:';';
h+57ﬁ
5"	"k9_ﬂ19$ 3
U#,	
	"UDD  )!P
u¢ eﬃDS )bu	
	I¢9R9$ 3hv p8$ﬁ$F,'(	U)!
	%#,	P-')/1023
	
[nlY
ﬂ`@ﬃ!	"$CDn)/Aﬂ1ﬃ#,S3BT8$6D)!
	%G5$SD6
	#,	
	"
	z
%lYR45$ﬃ#%$ SDdﬁ8

9$D)j3$U)!
	
D73CF$ﬁ	kﬂ1ﬃ#,S3V	$6$)D)/Dﬁz$i)!
	,3?0E%865"	$D 3,#,	
	"YL*q#,1$
d5(ﬃ 3
-'"ck5RﬃDN	"GSﬁ@$p	"	*ﬂ1ﬃ#%AG("-
	Ai-'"c]#%)!8
$R)/DﬁNﬂﬃﬁ [vXY3$v	"'	])/
ﬂ1ﬃ#%ABTXS1$	]Nﬂ` XY)!G#,	
	"YL
(8   C  
0" B 
 
q$ 
* ;7<+5:;78DROP1 3+?>A@C;Q"DR4<4<DROP1 3+54 .0/2DR+545Ł
	
+;7?X
	 	 	
Z/2.5,+;-F+;.8>R+,+;7Y/2>A' L

&e/  /eEF+5:
>R+H4 /27<+;>)>)D)7<+INkB(;
ﬀ  
{b~} t W¼t mSs ﬃ r
]BTX$	"$ﬃ@ 3 
$Sﬁ
	#,	q-')/1023
	q'(	v)!#,D9vD1ﬂﬃw6ﬁ2-v)!D3D
5RﬃD 	$ ﬁHEX$S
$IA)/A57
8
	"$9
Pd-'"c^ﬂﬃﬁ eaC$5'5ﬃ4-'"c '5	
	$3W$ﬁ6hzB 9
$SD@"D68G	$F$)D)/DﬁU$1ﬂ13I'(	])/A5'	
	$3W$ﬁYLG \F$)\ C
$n5$ﬃ#%$ SDk9PBT0`57)!ﬁ$])!
	
	"
8$7ﬃ3"	 
	$ D -'"cEﬁﬂﬃﬁ  Ls^65$7'H)!
	ﬁ8
	$)jaD	E
	EX$	"$$@ 3(	'(	E

	
)!-O$ﬁ	BT7
	9,	"^5(	,	$ &	Y#I#%$]
@D9CD	YL^t57ﬁ8
	"$9
zA5'	
	$3W$ﬁ
	$
SﬁW
	v &$D)!z{E#%$ Sﬁq$ 8$@" $9
'(	z $@"Dﬁ9$#%$p6$)klY)!,-'"c,J D w#,	YL
^ p$[n)!
	6$#K5	%%
	$Sﬃ$S3,)/,5'	
	$3W$
I	"iSﬁW
	
$D	t'(	,R6$)*#ID)j3$$
)CBT 	B S6$7{ ﬁR@$RV-'"ctSﬁW
	]5(R@"ﬁ$q5	
	$3W$ﬁYL^"-$G)/Lde
:';';';
h"[+-C
z{
	
98

	IMsd ^ {
	>
µ
#P[Gﬀ57 8$F
$6$)CBT8$#I!	
	$3G5'	
	$3W$ﬁ%'(	%$0#,	t
-')/1023
	KOdX$$)D)7}Ł
;>
$\dX$$)D)
:
	
Ł

L7,$(	$DF8k	65
$ C)!pBT8$9$S-3d
(	$ $D6]$
#,XYD7


	98

	@

	EX$	"$$@ 3(	ﬁdM 5$ﬃ#I!	#% ﬁ$q)/57ﬁ8
	"$9
B R9Pﬂ1$6
$SD@"D68p	$6$)D)/DﬁYL
ﬀ   
r5o x*( ( ﬀﬃS}Zq8~;sr

Q
#K5#,"-98$S lYZ'(	)!
	Z#,	v%-')/1023
	q
	$U
	$SD#%8v{v5(ﬃ DZ#%
	$ﬁ
	Z
ﬁa 3 ¢\''oLHsABT
	$P)/V#%
	$ﬁ)/ ﬁ3S3 57)/ U5)/ﬃ!	Y 3 )CBT8$#I!	
	$3
'3Ez	"Rﬁ

	ZB ﬃﬃ3W$ﬁI57)/7L57ﬁW
	)/V C@$ﬁ	"8
ZB #ID)j3$3!	"8
[])/V#%
	$ﬁZ)/
ﬁa 3 q57)/H5)/ﬃ!	Y 35$ﬃ#%$Aq
 CD7ﬁt)/E@)!$R 
Q
#K5 #,"-98$S lY
	$RG9I8

Q
$)D)!A98
YL_\
	]@)!$ﬁ	P8CRD6
	P
Q
#K5Z[4	"+])CBTCﬁAPlY$)/lY
	
µ

	$RG9I8

Q
$)D)!A
:>
~
5YL i  y+$e
:';';
Ł`hzﬀ#%Sﬁ8PlY])!I
Q
#K5#,"-98$  lYOH$^)/
57ﬁ
	
	$3-#%$F$ﬀ@$ﬁ	G)!I
$SﬁA])CB #,	YL
_P57ﬁ8
	"$9
UB 
Q
#K5 #,"-98$  lYOU
	$+	"@$D@YlY8
i50`57)j lY$P)CB 'X$	"$9
H

7O$ 3
Q
$ﬃ#I lYv'(	t)!,-'"cD Cw#,	YLﬀ$)&ﬂ`RH$ p$]lYq
$ FZ
7O$ 3	"D
ﬁ8CRD6+5GlYNB RE
ﬀdﬁﬂﬃﬁ !	
	"$#%$&57!	
	"Ap
$ D@$#%$*@Dp)j3$q
$ 
G
]¤=(  !oﬀ+;ll&%'ﬂh!w@|",ﬂh #ﬀ&]h&5wﬀ&A/ ﬀ&ﬂh%±#%±)) (<
)CB #,	YL
($   C  
0" B 
  
h  
 


 

       	
  
	
 ﬁﬀﬂ  ﬃ "!
#%$'&)(+*	&)(+,
-/.10 24365798;:=<1>;?A@CBD?%EF3HGCIKJML9<1BNBA3POA:RQ1@TSU<VQ1<1@W?%<VO9XYJM3WZ[3PS3H:\.].^.].].^. _9`
abdcebdc fhgji'kmlFnpoqgjisrVtvuxwzyHiswzivivlPisyl|{juxlHt[npkm}hyHg~tvgr1tvuxwzywzi[ivggkm}bb~bb~bb m
abdceba ŁuxkPywd}wzuxkPi'HmiwzlPgji'yHgji'klFnpoqgjisrVtvuxwzyHi'yPnpkPiszg~^wddwzgl|wdkm}t[nMKnpRnxi ma
-/.z- @OAL+SDJM@W?:Y@:XY@O9XY3X=<+@:BD@BAmXY@meX=<1L9OB¡ z?AOA@¢qL9S654L+:Y3PO9XY@
I£JpL+<1BD@CBD?%EF3HG .¤.].^.].].^.].¤.^.].].^.].].¤.^.].].^.].].^.¤.].^.].].^. _9¥
ababdc ¦¨§PivuxtH}wzuxkTyHg©«ª­¬^wziviwzuxkC®yHgji¨npRnxi¨yHg©omnp¯nM°wzgji±b~bbb~bb~bb e
ababa ²4ª mytvuxoq³kPg´np}vux^wzlPgµHlHkPg~ivuxdlH}wzuxkTg°{dlPg¶bb~bb~bbb~bb~bb m·
abab¸ ²;g©omnp¹uxz¬j{lH¯npwdtvg~rVtvuxwzyºb~bbb~bb~bb~bbb~bb~bb~bbb~bb~bb m·
-/.d¥ »]D:Y@J=H3X=<1L+OA:RS<VQVQV<VS6qXYJx<1>;?@:]3P?NXYWQ@:YqL+54@TBD@T¥+`FSBD@TQK d¼½¿¾ÁÀ _9Â
ab¸bdc fhgji[{twdH}wzuxk|yHg©«ª wdkPi}tlHgkm}¶bb~bb~bb~bbb~bb~bb~bbb~bb~bb mÃ
ab¸ba ²;gjistv¬jilHd}[np}vi¨tv¬j{jgkm}viﬁb~bb~bbb~bb~bb~bbb~bb~bb~bbb~bb~bb Äc
-/.Å_ ½Á:=?DQ¯XY3XY:Á@qXB<1:Ym?A:Y:=<1L+O .].¤.^.].].^.].].¤.^.].].^.].].^.¤.].^.].].^. Æ+Æ
ab Pbdc ¦)ÇÈsÉŁ²;Ê´ŁuxzyËuxzgj{lH¯npt^omnxi]wdkN{juuxdwdkHoÌFuYÍÎ{dlPiv}vgtvi^upr)omnM
¯nM°WwzgjiÏsbb~bb~bb~bbb~bb~bbb~bb~bb~bbb~bb~bb~bbb~bb~bb ÄeÄ
-/.zÆ 24@:REF3PQ13Ð<1@m:R@QVQV<5AX=<1>;?@:±.].¤.^.].].^.].].¤.^.].].^.].].^.¤.].^.].].^. Ñ+Â
abÄbdc fhgji¨{juxlHt[npkm}vi¨yHgtvgr1tvuxwzywzivi[ggkm})nplH}vuxlHthyHgji'gddwdH}wzmlPgji±b~bb~bb ·eÃ
abÄba Ê	}lPyHg~ÒuxlHt¨·]omnp¯nM°Wwzgji¨gddwdH}wzmlPgjiÓb~bb~bbb~bb~bb~bbb~bb~bb ·eÔ
abÄb¸ Õ¨kHP¬kPux³kPg´yHghrÖnpwd§Hzgnp^Hdwd}lPyHgbb~bbb~bb~bb~bbb~bb~bb ·eÔ
-/.dÑ ×L+OAmQV?:M<L9O:Ø.].¤.].^.].].^.].¤.^.].].^.].].¤.^.].].^.].].^.¤.].^.].].^. ÙH`
 
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10
2&2&2&243
5768:9);=<?>@97AB9:CEDGFHDICEAB9ﬁJKDGL.DNMPOQ9:CEAKDG;RCSLT9:CVUV6=9)LWCX6B;Y8:ZI6[>\DG;=<1AB9X>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<cC=de9:C)<gf)<QDKhVLiOTjkZI;
C=d DG<?<l9);AYmYABf)<n9:8)<l9)>6B;c9C)O.JG;DG<?6B>@9HAB9L.Do>@f:Ca9);c8:9HAB9pJKDaqH>:9^]_>@ZIO`AGOr_6sCVUV6gd mYAB9:C<l9)F7o=f)>\DG<?6B>@9:C
<?>@t:CXh:DIC:Ca9:CVuwv'9lo=9);AKDG;=<xLT9:Cy;cZIFHhV>@9)6sCa9:CyOz;={G9:C)<?O.JKDG<`OQZI;RCE9);BJKDaJBf:9:CSDG6b8:ZI6B>:CXAB9:CS{aOz;BJG<wAB9)>_;=OQt)>@9:C
DG;=;cf:9:CZI;=<zjSDG6#8:ZI;=<?>\DGOz>@9:j'>@f){Gf)LTfpL|d DKh)Ca9);c8:9	AB9}8:9	>@f:C)O`AG6p]_>:ZIO`AKuyv'9;cde9:C)<~UV69<`>@t:C	>@f:8:9)F}Fb9);=<
UV69 L.Dbo>@f:Ca9);c8:9bAB9JKDaqFbZILTf:8)6BL.DGOz>:9Df)<lf>@f){Gf)LTf:9:jm#<`>\DG{G9)>@CbL|def)F}OTC:C)OQZI;AB9:Cb<`>|DG;RC)Oz<`OQZI;RCAB9
>@ZI<DG<`OQZI;#AG6
FbZI;cZﬃMPPAB9AB9	8|DG>Vh)ZI;c9Vupde9\MPOTC)<l9);c8:9AB9EJKDaq	FbZILTf:8)6BL.DGOz>@9k]_>@ZIO`AAKDG;RCAB9;cZIFHhV>@9)6M
DGFHDICHAB9JKDGL.DNMPOQ9:CDKhV>_Oz<DG;=<EAB9:C8:ZI6B>\DG;=<^CbAB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<E9:C)<FHDGOz;=<n9);DG;=<7f)<QDKhVLiOQ9:jyCaZI6BLT9)
{IDG;=<%L.DUV69:C)<`OQZI;ŁAB9L|deZI>_O.JGOz;c9AG6bJKDaq}ABf)<n9:8)<lfVuO'8:9)LzLT9)|8)Ok>@9:C)<l9}9);c8:ZI>:9*Oz;c8:9)>)<QDGOz;c9OzL19\MPOTC)<l9	AB9
;cZIFHhV>@9)6GMOz;AGOQ8:9:C 9);]ﬃDG{G9)6B>AB9:Cb8:ZI6B>\DG;=<^CAB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<uXv'9H8:RD)oOz<?>@9HABf:8)>_Oz<AB9']ﬃDPZI;
oLi6sCpo>@f:8)OTCa9 L.Do>@ZGhVLTf)FHDG<`O`UV69AB9L.D>@9:8:=9)>@8:=9AG6ŁJKDaq]_>@ZIO`AAKDG;RC LT9:CDGFHDICAB9}JKDGL.DNMPOQ9:C9);
o>@f:Ca9);=<DG;=<EAB9:CbD)oKo>@Za8:=9:C}<z=f:ZI>_O`UV69:C9)<*ZGh)Ca9)>_{IDG<?OQZI;=;c9)LzLT9:C 8:ZI;AG6[Oz<l9:C8:9:CbAB9)>_;=OQt)>:9:CHDG;=;cf:9:CVu
6[Oz<L.DAB9:Ca8)>_OWo<?OQZI;bAB9:C7ZGh)Ca9)>_{IDG<`OQZI;RCXAB9SP}DGFHDICSAB9ﬁJKDGL.DNMPOQ9:CSUV69y;cZI6sCXDG{GZI;RC79^9:8)<`6f:9:C:jDG{G9:8
<nf)LT9:Ca8:Z:o=9yAB9y[IFAB9~L|d :y57jDG6b8:ZI6B>:CSAB9~L|def)<nf~RKGKu9:CSAB9)<n9:8)<`OQZI;RCSAB9%JKDaqSFbZILTf:8)6[L.DGOz>@9]_>@ZIO`A
CaZI;=<xo>:f:Ca9);=<lf:9:C9)<ﬁL|deZI>_O.JGOz;c9AG6JKDaq}9:C)<yAGOTCa8)6B<nf:9Vu
2&2&2&2&2
Hﬃ  
 }¡¢£ﬃ¤ ¥¦¨§¥ ©	ª¬«®­1¯p£V§ §°¢²±ﬃ¦¨³ £)±ﬃ£)¦X¥ £ﬃ°´­1µ=p³ ¢
¶ ﬁﬀﬂ ·
*	,"&y¸E¹
ﬃ
*	, º@»9$%¼¾½´,$¼[,F,B¸¤,$½7¸À¿D$%¸E»R¹'&)(4½¤*Á»9*º@»Ò$%¼n½7¼v,+,F*Â*	&)(
v'ZIF}Fb9;cZI6KCL|d DG{GZI;RC7{a6
AKDG;RC*LT9p8:RD)oOz<`>:9'o>@f:8:f|AB9);=<^j1LT9:C*FbZVABt)LT9:CE<z=f:ZI>)O`UV6=9:CpAB98:ZI6[>\DG;=<zC
AB9p>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<Ã?ÄDKhVO`DG;ÆÅÈÇ76[LWCa9);RjyKÉÊKÊﬃËgÇ76[LWCa9);Rj~KÉPÌ[ÍaËgÄDKhVO`DG;9)<SDGL.u.j~KÉPÌ[Í:Î*o>@f){GZIOQ9);=<
UV69pAB9:C8:ZI;AB9);RCVDG<?OQZI;RCAB9EJKDaq	>@9^]_>@ZIO`AGOCa9ABflo=ZaCa9);=<%<nZI6B<~DG6LTZI;BJAG6ÏXZI<yAB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<zj
AB9lo6[OTCLT9Y>\DGKZI;ÐAB9
>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<zjgr_6KCVUV6%d DG6&8:9);=<`>:9YAB9
L|d DGFHDICVuv'9:CFbZVABt)LT9:CYAB9&de8:ZaZILiOz;BJ
ÏZIÑ	dxOz;R=ZIFbZ|JBt);c9:CC)6PJaJBt)>@9);=<pUV6=9LT9:CbC)6B>\AB9);RC)Oz<nf:CAKDG;RCLT9JKDaq
Oz;=<`>\DG¾DGFHDIC Ca9>:9^]_>@ZIO`AGOTC:Ca9);=<
oLi6sC>\D)oO`AB9)Fb9);=<coRDG>*Oz;RC)<DKhVOzLiOz<lf*<z=9)>_F}O`UV69:j'ABflo=ZaCVDG;=<ﬁAB9JG>|DG;AB9:CUV6DG;=<`Oz<lf:CAB9JKDaq<`>@t:Cg]_>@ZIO`A
9)<'<`>@t:C	AB9);RCa9m <lZI6sCpLT9:Cp>\DGKZI;RCVu
w9'o>@ZGhVLTt)Fb9AB9:C7Oz;RC)<DKhVOzLiOz<lf:C7<^=9)>_F}O`UV6=9:C9:C)<~f)<`6AGOQf9);ABf)<QDGOzLBoRDG>XÄ%OQ9)L.A
ÃnKÉBÍGÒ)ÎH9)<1ÓEDGL.hV6KC
ÃnKÉKÉKÒ)ÎGug6aoKo=ZaCaZI;RC}6B;c9>@fQJGOQZI;$m6B;c98:9)>_<QDGOz;c9HAB9);RC)Oz<lf;RjEDG{G9:8}6B;c9<l9)F7o=f)>\DG<?6B>@9Ô
e
9)<E6B;c9
DKh)ZI;AKDG;c8:9pÕCa9<?>@ZI6B{IDG;=<AKDG;RC6B;ÆF}OzLiOQ9)6#DG{G9:8	6B;c9}<l9)F7o=f)>|DG<`6B>:9LTfQJBt)>@9)Fb9);=<'C)6®o=f)>_OQ9)6B>@9Vuk9
F}OzLiOQ9)6Ca9)>\D<z=9)>)F}O`UV6=9)Fb9);=<ﬁOz;RC)<DKhVLT9C)O%L.DAGO f)>:9);c8:9	AB9p<l9)F7o=f)>\DG<?6B>@9 9);=<`>@98:9:C	AB9)6GM>@fQJGOQZI;RC
DG6PJGFb9);=<l9EDG{G9:8XLT9<l9)F7o=CVu1v'9:8)O9:C)<=o=ZaC:C)O`hVLT9yC)OxLT9<l9)F7o=CEAB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<wAB9XL.D	>@fQJGOQZI;7]_>@ZIO`AB9
9:C)<oLi6sCÖ8:ZI6B>_< UV69#LT9<n9)F7o=C#AB9#>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<}AB9#L.D4>@fQJGOQZI;oLi6KCÖ8:RDG6RAB9Vu*9#<l9)F7o=CAB9
>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<~9:C)<~ABf^×%;=OØoRDG>pÙ
τrefr =
Q˙
Q
ÚQÛBÜÞÝ®ß
DG{G9:8yo=ZI6[>LT9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<'Ù
Q˙ à
;
e
;
iΛ
ÃVÔ
e
j^ÕÎaj%;
e
L.DAB9);RC)Oz<nfp{GZILi6BF}O`UV6=9Awdef)LT9:8)<?>@ZI;RC:jk;
i
L.DÖAB9);RC)Oz<lf
{GZILi6[F}O`UV6=9Awd DG<lZIFb9:Cá9)<Awd OQZI;RC
AG6#oL.DIC)FHD$9)<
Λ
L.D]NZI;c8)<?OQZI;âAB9
>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<
AG6ŁoL.DIC)FHDãÃ\9);È9)>?JKu`8)F
−3
C
−1
ÎGu}v'9)LzLT9)|8)O	9:C)<9);äJBf);cf)>\DGLD)oKo>@ZﬃMPOzFbf:9}oRDG>
6[;c9C)OzF7oLT9
LTZIOAB9
 0
	

ﬁﬀﬃﬂ

! #"%$
'&(
$
)*+
 
,-ﬀﬃ*./
&
!"
 

o6[OTC:CVDG;c8:9
Λ
ÃVÔ
e
Î
à Λ0
Ô
e
α
jXABf:8)>_Oz{IDG;=<~6B;ÆD\r_6sC)<l9)Fb9);=<SmL.D7]NZI;c8)<?OQZI;AB9	>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<~AKDG;RC
LT9HABZIFHDGOz;c9AB9<n9)F7o=f)>\DG<`6[>@98:ZI;RC)O`ABf)>@fVukw9b8:RDG6)EDaJB9:jE9\Mﬃo>)OzFbf 9);4f);c9)>?JGOQ97oRDG>}6B;=Oz<nfHAB9{GZI
Li6[Fb9:jﬁ9:C)<'ABZI;=;cf'oRDG>10
à
32Ã;
e 4
;
i
Î-5Ô
e
o=ZI6B>*6[;oL.DIC)FHDFbZI;cZVDG<lZIF}O`UV6=9VuØ57Oz;RC)OgZI;Y>@9)<`>:ZI6B{G9
L|de9\Mﬃo>@9:C:C)OQZI;#ABf^×%;=OQ9	DG6ÖvRD)oOz<`>@9	
AG6<n9)F7o=CAB9p>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=< ∝ ; −1 Ô 1/2 LTZI>@CVUV69 α à 62Gj
AKDG;RCLT9 8|DICHZ87áLT9	>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<oRDG>	>\DGsZI;=;c9)Fb9);=<yAB9~]_>@9)Oz;DaJB99:C)<XABZIF}Oz;DG;=<Qu9OTCa8:9)>_;cZI;RC
AB9)6GM8|DICAKDG;RC*LT9:CVUV6=9)LWCyo=9)6B{G9);=<kCa9pABf){G9)LTZ:oKo=9)>6B;c9Oz;RC)<QDKhVOzLiOz<nf<^=9)>_F}O`UV6=9Vude9\MPOTC)<n9);c8:9AB9yo=9)
<?Oz<zC};=6RDaJB9:C']_>:ZIO`AICDG6YCa9)Oz;ÖAwd 6B;ÆF}OzLiOQ9)6HoLi6sC 8:RDG6AIjwo=9)6[<EDG{GZIOz>LiOQ9)6YC)OX8:9:CAB9)>);=OQ9)>@CpCaZI;=<79);
f|UV6[OzLiO`hV>@9	AB9o>@9:C:C)OQZI;ÆZI6#AB9AB9);RC)Oz<nfDG{G9:8LT9F}OzLiOQ9)6Ł9);={aOz>@ZI;=;DG;=<u6aoKo=ZaCaZI;RCUV69LT9:C>@fQJGOQZI;RC
AB91oLi6KC7h:DIC:Ca9:CS<l9)F7o=f)>\DG<?6B>@9:CyCaZIOQ9);=<AB9ko=9)<?Oz<l9:CX<QDGOzLzLT9:CEAB9X<l9)LzLT9]ﬃDPZI;UV6=9XLT9X<l9)F7o=Cko=ZI6B>EUV6%d 6B;c9
ZI;AB9%CaZI;cZI>:9'<`>\DG{G9)>:Ca9~LT9~;=6DaJB9ﬁCaZIOz<[oLi6KCo=9)<`Oz<n9SUV6=9yLT9~<n9)F7o=CSAB9~>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<zjcDGLTZI>@CE8:9)Li6BOz|8)O
Ca9)>\DHOTCaZGh:DG>@9Vu9pDG;RC*LT9	8|DICOz;={G9)>@Ca9:jkLT9>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Ca9)>\D mAB9);RC)Oz<nf8:ZI;RC)<DG;=<l9Vucw9:C	8)>)Oz<lt)>@9:C
AB9C)<QDKhVOzLiOz<nfp<z=9)>_F}O`UV69CaZI;=<~ABf^×%;=OTC~oRDG>Ù
(
∂Q˙
∂Te
)
ρ
> 0
Ú?Û[Ü ÛGß
Ã:yDG>;5K9)>@j'KÉKÒPﬃÎHAKDG;RCLT98|DICpOTCaZa8:=ZI>@9	9)<
(
∂Q˙
∂Te
)
P
> 0
Ú?Û[Ü=<Pß
Ã?Ä%OQ9)L.AIjgKÉBÍGÒ)ÎHAKDG;RC*LT9	8|DIC*OTCaZGh:DG>@9Vu'v'9)<`<n9	8:ZI;AGOz<?OQZI;;cde9:C)<oRDIC>@9)F7oLiOQ9pAKDG;RC*LT9	8|DICAG6oL.DIC)FHD
Oz;=<?>\DG¾DGFHDIC7AKDG;RCLT9|UV6=9)L6[;c9EOz;RC)<QDKhVOzLiOz<nf<z=9)>_F}O`UV69%o=9)6B<wCa9ABf){G9)LTZ:oKo=9)>ﬃu>:yDG>*DGOzLzLT9)6B>:C:jwLT9E<l9)F7o=C
AB9E>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<zjDGOz;RC)OUV697L.D{aOz<n9:C:Ca9AG6CaZI;YABf:8)>@ZIOTC:Ca9);=<kDG{G9:8L.D<l9)F7o=f)>\DG<?6B>@9Vu?:yDG>*8:ZI;RCaf)
UV69);=<zj=oLi6KC7L.D	<l9)F7o=f)>\DG<?6B>@97h:DGOTC:Ca9:j=oLi6sCL.D<QDGOzLzLT97AB9:C;=6DaJB9:CSC)6RhVOTC:CVDG;=<wL|d Oz;RC)<DKhVOzLiOz<lf<^=9)>_F}O`UV6=9
ABf:8)>@Z8@z<uBAy;ÆC=d DG<`<l9);AABZI;c8:j7AKDG;RC8:9}Ca8:f);DG>)OQZajmŁ8:9bUV69HLT9 F}OzLiOQ9)6Ł>:9^]_>@ZIO`AGO'Ca9X]_>\DaJGFb9);=<l99);
;=6DaJB9:CpAB9yoLi6sC}9);HoLi6sCSo=9)<`Oz<^C}9)<~AB9SoLi6KC9);boLi6sCk]_>:ZIO`AICVu
v'ZI;RC)O`ABf)>@ZI;RCLT98|DICZ87Æ6B;c9b<l9)LzLT9 Oz;RC)<DKhVOzLiOz<lf}Ca9ABf){G9)LTZ:oKo=9:j8:ZI;AG6BOTCVDG;=<má6B;&8:ZI6B>\DG;=<*AB9 >@9)
]_>@ZIO`AGOTC:Ca9)Fb9);=<yOz;R=ZIFbZ|JBt);c9<l9)L%UV6=9LT9o>@f){GZIOQ9);=<SLT9:CFbZVABt)LT9:C	<^=f:ZI>_O`UV6=9:CVu%9:C}FHDIC:Ca9:CAB9JKDaq
DGLTZI>@CABflo=ZaCaf:9:C:jAG6B>|DG;=<p6B;&<n9)F7o=CYABZI;=;cf:jECa9)>:ZI;=<SoLi6KC8:ZI;c8:9);=<?>@f:9:CUV6=9
LT9bJKDaq%CuBD';Á9^9)<
Ã9DGOz;c9:C79)<1DGL.u.j1KÉKÉFEGÎajLT9:CXFbZVABt)LT9:CAB98:ZI6[>\DG;=<1AB9>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<Oz;R=ZIFbZ|JBt);c9o>@f){GZIOQ9);=<1UV6=9

dep∝
S<^jEDGLTZI>@C UV6=9L.DFHDIC:Ca9HAB9pJKDaq8:RDG6RA{IDG>_OQ98:ZIF}Fb9	
h(< R)∝

2
uG:yDG>b8:ZI;RCaf|UV69);=<zj
Awd 6[;o=ZIOz;=<yAB9	{a6=9ZGh)Ca9)>_{IDG<?OQZI;=;c9)LWj%LT9JKDaqABflo=ZaCaf:jS9)<'C)6KCa8:9lo<?O`hVLT9	Awd DKh)CaZI>ﬃh)9)>LT9>\DGsZI;=;c9)Fb9);=<
C*j%DG6[>\D6[;c9'oLi6sCXJG>|DG;AB9p8:ZILTZI;=;c9*AB9);RC)Oz<nf*DG6Y8:9);=<?>@9AB9*L|d DGFHDICVu?D~<~8=de9:C)<~9);#9^9)<gL.mbUV6=97CaZI;=<
F}OTC9);f){aO`AB9);c8:9AB9:C~o==f);cZIFbt);c9:CpAwd DKh)CaZI>o<?OQZI;áAG6JKDaq	Oz;=<`>\DG¾DGFHDIC:j~8:ZIF}Fb9;cZI6KCpLT9{G9)>_>@ZI;RC
oLi6sC*LTZIOz;u
9:C8:ZI;AGOz<`OQZI;RC%o=B®C)O`UV6=9:CAG6HJKDaq*Oz;=<`>|DG¾DGFHDICXCaZI;=<g<`>@t:CAGO f)>@9);=<l9:CAB9p8:9)LzLT9:CUV6=97L|deZI;#8:ZI;=;DH@z<
AKDG;RCLT9
F}OzLiOQ9)6$Oz;=<n9)>@C)<l9)LzL.DGOz>@9YAB9
L.DIXDGL.DNMPOQ9VuxD ]NZI>)FHDG<`OQZI;9)<pL.DŁC)6[>_{aOQ9YAB9
;=6RDaJB9:C*]_>@ZIO`AIC:j
OzF}Fb9)>?JBf:CHAKDG;RC}LT97oL.DIC)FHD#8:RDG6AYAB9:C DGFHDICHAB9JKDGL.DNMPOQ9:C:jEZI;=<f)<lff)<`6AGOQf:9:C}>:f:8:9)F}Fb9);=<pÃ?Äw9)>_
L.DG;A9)<'DGL.u.jﬁKÉKÉFERjkRKIGËJ:'6B9)<~DGL.u.jﬁKÉKÉKÉ)ÎajkFbZI;=<?>\DG;=<gL.Do=ZaC:C)O`hVOzLiOz<lf*AB9L|de9\MPOTC)<n9);c8:9AB9*;=6RDaJB9:C
<?>@t:CAB9);RCa9:C9)<~<`>@t:C~]_>@ZIO`AICVuÇZI6KC;c9>:9);=<`>@9)>@ZI;RCoRDICOQ8)O'AKDG;RCLT9:CABf)<DGOzLWCAB9L.D7]NZI>)FHDG<`OQZI;AB9:C
FbZILTf:8)6[LT9:C	AKDG;RCL|d Iv ÃÞo=ZI6[>SoLi6KCAB9Xo>@f:8)OTC)OQZI;RC:j%Ä9)>_L.DG;A
9)<XDGL.uSÃnKÉKÉFEGÎABf:8)>_Oz<E9);D)oKo=9);AGOQ8:9
LT9:C~o>@Za8:9:C:C)6KCpAB9g]NZI>_FHDG<`OQZI;Ł9)<'AB9pAGOTC:CaZa8)O`DG<`OQZI;AB9:C'o>)Oz;c8)OWoRDGLT9:C7FbZILTf:8)6BLT9:CpAB9*L|d Iv ÎGuxÇZI<lZI;RC
 
 
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10
<nZI6B<l9^]NZIOTCUV6=9LT9SJKDaq>@9^]_>:ZIO`AGOg9:C)<k<`>@t:C8:9)>_<QDGOz;c9)Fb9);=<%ABf^×y8)OQ9);=<ﬁ9);}o=ZI6sC:C)OQt)>@9Vu
D';#9^9)<zjgAKDG;RC76B;
9);={aOz>@ZI;=;c9)Fb9);=<y<?>@t:C8:RDG6RAÃnB
7  
ÎLT9:CJG>\DGOz;RC AB9o=ZI6KC:C)OQt)>:9 ZI;=<E6B;Ö<l9)F7o=C AB9{aOQ9<`>@t:C8:ZI6B>)<
Ã;IEZI6A\]_>@ZaZIO rÅ ÔR>)Oz;c8:BOQ9)>_OTjKÉKÉPÌsD)Îaj	8|DG>OzLWCCaZI;=<ABf)<?>_6BOz<^CoRDG>AB9:C8:ZILzLiOTC)OQZI;RC]_>@f|UV69);=<l9:CYAB9
oRDG>_<?OQ8)6BLT9:C<`>:t:C	f);c9)>QJBf)<`O`UV6=9:C<n9)LWC	UV6=9LT9:Cyo>@ZI<lZI;RCZI6
LT9:CyoRDG>_<?OQ8)6BLT9:C
α
Ã?Clo6[<`<n9)>_Oz;BJ)ÎGu9p<l9)F7o=C
AB9C)6B>_{aOQ9Awd 6B;YJG>|DGOz;AB9o=ZI6sC:C)OQt)>@9}AB9>\DGKZI;/d Dwd9:C)<XABZI;=;cfoRDG>Ã9>\DGOz;c9HÅ ØDGL o=9)<n9)>@jSKÉÊ®ÉKDIË
ÔOQ9)LT9);RC	9)<~DGL.u.j~KÉKÉFEGÎHÙ
τd = 2.10
5
(
nH
cm−3
)−1 ( a
0.1µm
)
ans
Ú?Û[ÜKß
8:9 UV6[O79:C)<7AB9L|deZI>\AG>@9bAB9 B
7
DG;RCo=ZI6B> AB9:CJG>\DGOz;RC AB9*o=ZI6KC:C)OQt)>:9HAB9>\DGsZI;RC ∼ GuzF}OQ8)>@ZI;
AKDG;RC*LT9:CUV6=9)L.UV6=9:C 5:o=8	8:9);=<`>\DG6GMAB9:CpDGFHDICAB9JKDGL.DNMPOQ9:CVuxw9:C*Fbf:8|DG;=OTC)Fb9:CpAB9k]NZI>_FHDG<`OQZI;#AB9
2
ZI;=<%LiOQ9)6áAB9So>@f^]Nf)>@9);c8:9~oRDG>ABf)<QDB8:=9)Fb9);=<~DIC:CaZa8)OQfAB9
−
H− + H → H2 + e−
ÚQÛBÜPß
oLi6[<	I<pUV69poRDG>8|DG<QDGLi®Ca9HC)6B>LT9:CJG>\DGOz;RCAB9	o=ZI6KC:C)OQt)>@9Vu%)LS9:C)<~o=ZaC:C)O`hVLT9
8:9lo=9);AKDG;=<UV69AB9:C
UV6DG;=<`Oz<lf:C;cZI;
;cfQJGLiO.JB9|DKhVLT9:CAB9'o=ZI6KC:C)OQt)>@9DGOQ9);=<Øo6
)<`>@91]NZI>_Fbf:9:CﬁoRDG>7L|d DB8)<`Oz{aOz<nf*Awd 6B;c9'o>@9)F}OQt)>@9
JBf);cf)>\DG<?OQZI;ÆAwdef)<nZIOzLT9:C	OTC:C)6=9:CHAB9}L|de9^ZI;AG>@9)Fb9);=<yAG6
JKDaqbABflo=ZaCafoRDG>LT9b8:ZI6B>\DG;=<AB9}>@9^]_>@ZIO`AGOTC:Ca9)
Fb9);=<u
¶ ﬁﬀQ¶
#%$¨&E½7¼ ([¼v$¨&´,~,B¼~¸¤*	,á½´*	,U&y¸E¹
ﬃ
*	,º@»Ò$%¼n½¤,½7¹'&¤,v*4Â¼n¼v*¸¼v&)(B»¹
¹'Â¹',
pdef)<`6RAB9AB9:Co>@Z:o>_OQf)<nf:C#AB9:C#>@fQJGOQZI;RC]_>@ZIO`AB9:CÆ9)<bABf^×y8)OQ9);=<n9:C9);o=ZI6KC:C)OQt)>@9:C:j9\Mﬃo=ZaCaf:9:C#DG6
>\DGsZI;=;c9)Fb9);=< C Ã?ÓX>@9)F	C)<`>\DGLWB6[;BJ)ÎyoRDG>yÄw9)>_L.DG;A9)<gDGL.ugÃnKÉKÉFERjwRKIVÎajØJG>B8:97DG6
8:ZVAB97Awdef|UV6BOzLiO`hV>@9
<^=9)>_F}O`UV6=9v Aﬁﬀ9ﬃﬂ&Ã?Äw9)>_L.DG;A9)<'DGL.u.j'KÉKÉGVÎaj%D*o=9)>_F}OTCpAB9ABf^×%;=Oz>p8:9)>)<QDGOz;c9:C	8|DG>\DB8)<lf)>_OTC)<?O`UV6=9:C
OzF7o=ZI>_<DG;=<l9:CAB9:C;=6DaJB9:C}ABflo=ZaCaf:CoRDG>LT9b8:ZI6B>\DG;=<AB9}>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<u1x9)LTZI;ÆLT9:C}DG6B<n9)6B>@C:j8:9:C
;=6DaJB9:CﬁCaZI;=<k8:ZIF7o=ZaCaf:CXmL|de9\MP<nf)>_OQ9)6B>XAwd 6B;c9×%;c9E8:ZI6=8:=9AB9ﬁJKDaqgoRDG>_<?OQ9)LzLT9)Fb9);=<cOQZI;=OTCafDGLTZI>@CUV6gd m
L|d Oz;=<nf)>_OQ9)6B>@jSL.D<l9)F7o=f)>\DG<?6B>@97o=ZI6B>)>\DGOz<EAB9:Ca8:9);AG>@9yr_6KCVUV6%d mL.D<l9)F7o=f)>|DG<`6B>:9HAG6]NZI;Aá8:ZaC)F}O`UV69m
BuÊa
 
u 9DG;RCá8:9:CFbZVABt)LT9:C:jL|d BPAG>@Z|JBt);c9FbZILTf:8)6BL.DGOz>@9Y9:C)<So>@f:Ca9);=<XoRDG>_<lZI6[<	AKDG;RC
LT9á8:Za9)6B>YAG6
;=6DaJB9HDGLTZI>:CHUV69HLT9HFbZI;cZﬃMPGAB9HAB98|DG>ﬃh)ZI;c9b9)<LT9:CbDG6B<?>@9:C9:Clo=t:8:9:CFbZILTf:8)6BL.DGOz>@9:C	CaZI;=<*8:ZI;N×%;cf:C
AKDG;RCSLT9:CX>@fQJGOQZI;RCyLT9:CkoLi6sC1o>:Zn]NZI;AB9:CVu9:CXFHDIC:Ca9:CAB9 =9|DG;RC9:C)<`OzFbf:9:CAB9:C78:Za9)6[>@CEAB9X<l9)LWCX;=6RDaJB9:C
CaZI;=<hVOQ9);Oz;N]Nf)>)OQ9)6B>@9:C
m6[;c9FHDIC:Ca9 CaZIL.DGOz>@9Vu~xD]NZI>_FHDG<?OQZI;äAwdeZGh?rN9)<AB9bFHDIC:Ca9 CaZI6KCbC)<l9)LzL.DGOz>@9
D)o>@t:C9^ZI;AG>:9)Fb9);=<'JG>\DG{aOz<QDG<?OQZI;=;c9)L~9:C)<7ABZI;c8*o=ZaC:C)O`hVLT9Vuﬁ9
8:Za9)6B> AB9:CbDGFHDICbAB9JKDGL.DNMPOQ9:C DG{G9:8
6[;8:ZI6B>|DG;=<gAB97>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<o=ZI6B>_>\DGOz<%ABZI;c8!
)<?>@9*ABf:8)>)Oz<oRDG>76B;c9]NZI;c8)<`OQZI;YAB97FHDIC:Ca9EOz;=Oz<`O`DGLT9
hVO`DGOTCaf:9{G9)>:C	LT9:CHf)<nZIOzLT9:C}AB9Eo=9)<`Oz<l9:C}FHDIC:Ca9:CbÃ:v'ZIÑgOQ99)<DGL.u.jXKÉPÌKÌË%ÄDKhVO`DG;$Å
 
9)FHh)RDG{aOTjyKÉPÌPGË
ØDG>\DaqVOz;Å AE8:ZI;=;c9)LzLWjﬁKÉPÌKﬃÎGu
D%]NZI;c8)<?OQZI;AB9X>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<wAKDG;RCyLT9'JKDaqEOz;=<`>\DG¾DGFHDIC79:C)<1AGO f)>:9);=<l9AB978:9)LzLT9AB9:CX;=6RDaJB9:C
FbZILTf:8)6[L.DGOz>@9:CC)<DG;AKDG>\AICVuxÄ9)>_L.DG;Ab9)<~DGL.uﬁÃRKIVÎ	C)6aoKo=ZaCa9);=<ﬁUV69LT98|DG>ﬃh)ZI;c99:C)<xo>_Oz;c8)OWoRDGLT9)Fb9);=<
DG<nZIF}O`UV6=9:jL.D8:ZI;=<`>_O`hV6[<`OQZI;
AG6
vEDG6H>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Ro=ZI6[{IDG;=<1DGLTZI>@C
)<?>@9Oz;=<l9);RCa9Vu1v'9)<`<n9SB:o=ZI
<^=t:Ca9>@f|AG6BOz<n9o=ZI6[>_>\DGOz<yOzF7oLiO`UV6=9)>6B;c9pCaZI6sC)|9:C)<`OzFHDG<?OQZI;AB9	L.DUV6DG;=<`Oz<nf	<lZI<DGLT9}AB9JKDaqFbZILTf:8)6B
L.DGOz>@9*LTZI>@CVUV6%de9)LzLT99:C)<y9:C)<?OzFbf:9m*oRDG>)<`Oz>pAB9*L.DbUV6DG;=<`Oz<nfpAB9Hv AXuxD×JG6B>@9Buz FbZI;=<`>:9*LT9:C~o>@Zn×%LWC
AB9X<l9)F7o=f)>|DG<`6B>:97m	L|d Oz;=<lf)>_OQ9)6[>EAB9;=6RDaJB9:C8:RDG6_f:CkoRDG>XLT9>|DGKZI;=;c9)Fb9);=< C ZGhV<l9);=6KC7DG{G9:8XLT9*8:ZVAB9
AB9
<?>\DG;RC^]N9)>_<	>\DKAGO`DG<`O ]YAB9
Äw9)>_L.DG;A$9)<}DGL.u}ÃnKÉKÉFEGÎGu9:C
FbZVABt)LT9:C}o>@f:Ca9);=<nf:CC)6aoKo=ZaCa9);=<}UV6=9LT9:C
;=6DaJB9:CpCaZI;=<m}o>@9:C:C)OQZI;,8:ZI;RC)<DG;=<l9:j9);f|UV6BOzLiO`hV>:9}AB97o>@9:C:C)OQZI;ÆDG{G9:8}LT9*JKDaq8:RDG6RA
Oz;=<`>\DG¾DGFHDICVu
 0
 


 ﬂ
& 
ﬀ
*
"

" ,

 
,- ,
 
"
 
,

,

ﬂ
 

-

 

ﬂ
&
 ﬂ "F 
,

 ﬀ8ﬂ
# 

 
	
9:C>@f:C)6[Li<QDG<^C
AB9á8:9)<?<l9f)<`6AB9FbZI;=<`>@9);=<UV69YAB9:C;=6DaJB9:C<`>@t:C]_>@ZIO`AICY9);f|UV6BOzLiO`hV>@9<^=9)>_F}O`UV6=9
DG{G9:8}LT9JKDaq C 9)<8:ZI;N×%;cf:C7oRDG>L.Do>@9:C:C)OQZI;ÆAG6JKDaq8:RDG6RA}o=9)6B{G9);=<*9\MPOTC)<l9)>AKDG;RCLT9:C8:ZI6[>\DG;=<zC
AB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Qu19 8|DICAB9;=6DaJB9:C}AB9JKDaq AB9AB9);RC)Oz<lfH8:ZI;RC)<DG;=<l9b9);,f|UV6[OzLiO`hV>@9}DG6YCa9)Oz;ÖAG6
JKDaqp8:RDG6AOz;=<`>\DG¾DGFHDIC7DbfQJKDGLT9)Fb9);=<gf)<lfpf)<`6RAGOQfÃ?Äw9)>_L.DG;A9)<gDGL.u.jRKIVÎ}9)<kLT9:C>@f:C)6BLi<DG<zCpZGhV<n9);=6KC
CaZI;=<kC)OzF}OzL.DGOz>:9:CpDG6#8|DICOTCaZGh:DG>@9Vu

-/.V0
tvuPzi´yHg]}vg^Ò¬t[np}lHtvg«ª wdkm}v¬twzglHt´yHgjikmlFnpoqgji´{vFnpl/¬jiFnptzg]t[nYquxkHkPggkm}
® yl omnp¹ wdkm}t[nMKnpRnxi=bsÊ	k }t[npwd} Hzgwdk¢µ¡Fnxi¿yHg^wz{tvux}lHt§HlHzgkP{jgﬁﬀsFnxi yHgT9uxlPi[iwz³tvgebÏÊ	k
}wdtvg}viµwzyHg\nﬃﬂqgj{ lHkPgﬂqgtviwzuxk%npkm}v¬twzglHtvgTyl {juyHg! ÖnpkP{wzgkHkPg§Hwd§Hdwzux}P³jlPg|np}vux^wzlPgg}
uxz¬j{lH¯npwdtvg cYÔeÔeanpldwzglËyHgTcYÔeÔeÃ#"b

uxwdkm}vi «}wdtvg}viCµDn$ﬂqgj{Á^wz{tvux}lHt§HlHzgkP{jg c&%'pi(ﬀFnxi¤yHg
ÒuxlPiviwz³tvgeb

uxwdk}wddz¬ji¤µ

nxihyHg~}lHt§HlHzgkP{jgﬁﬀFRnpwzi¨t[npH9uxt}¨omnp¹)'M9uxlPivivwz³tvg+*~np¯nx{}wzlPgebFÈtwdHzg
Òuxwdkm}'4}wdtvg}viµkmlFnpoqgji¨wdtt[nxywz¬ji¨ilHtszgji¨yHgl°¿r«nx{jgji, .-Pgt¯npkPyTg}¨np«b/ﬀFaeeea#"b
:~6BH9)<1DGL.ukÃnKÉKÉKÉ)ÎpFbZI;=<`>:9);=<gfQJKDGLT9)Fb9);=<zjDG;DGLi<`O`UV6=9)Fb9);=<^j1UV6=97AKDG;RCXL|d B:o=ZI<^=t:Ca97AB9;=6RDaJB9:C
8:ZIF7o=ZaCaf:Cp6[;=O`UV6=9)Fb9);=<XAB9!
2
j  9 9)<*v A'jyL|def|UV6BOzLiO`hV>@99);=<?>@9	LT9:C	Fbf:8|DG;=OTC)Fb9:CAB98:RDG6_EDaJB9H9)<
AB9*>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<~8:ZI;AG6[Oz<ﬁmbAB9:C<n9)F7o=f)>\DG<`6[>@9:CAB9;=6DaJB9:C*FbZILTf:8)6[L.DGOz>@9:C7<?>@t:C	h:DIC:Ca9:CpAKDG;RCLT9:C
DGFHDICAB9}JKDGL.DNMPOQ9:CDKhV>_Oz<QDG;=<6[;&8:ZaZILiOz;BJ	ÏZIÑﬁu~xD}×JG6B>@9BuT#OzLzLi6KC)<?>@9
8:9:C8|DGLT8)6BLWCo=ZI6[> L|d DGFHDIC
:
 
x[Ê EÒG¾KÉKKu
H| 0 ¦ °¯	³21­¦X¥
¢¦X¢ ´¦X°}´w´£ﬃ3¦X¢ §¦ §54y´¦76'´£)¯	° §98n¥°¦26~¯³ µ
¯¢°}´¦ «®­¯£ﬃ§¦ §¥ ©pª
ÇZI6KCXL|d DG{GZI;RC~{a6HDG68:ZI6B>@CAG6
vRD)oOz<`>:9SIjLT9:Co>@Zn×%LWCS>\DKAGO`DG6GM	AB9S<l9)F7o=f)>\DG<?6B>@979)<AB9AB9);RC)Oz<lf
AG6JKDaqEOz;=<?>\DG¾DGFHDIC:jZGhV<n9);=6KCEmXoRDG>_<`Oz>AB9XL|d OzFHDaJB9)>_OQ979)<1AB9XL.DClo=9:8)<`>:ZaCa8:Z:oOQ9XAKDG;RCSL.Dh:DG;AB9GC AG6
JKDaq8:RDG6RAIj~FbZI;=<?>@9);=<SOz>_>@f){GZa8|DKhVLT9)Fb9);=<SUV6=9HAG6
JKDaq7oLi6sC~]_>:ZIO`AY9)<1oLi6KCHAB9);RCa9ÃnB
6−7  
ÎY9\MPOTC)<l9
DG6á8:9);=<?>@9AB98:9)>_<QDGOz;RCDGFHDICpAB9JKDGL.DNMPOQ9:CVu'v'9lo=9);AKDG;=<zjgL.D ;cZI;#ABf)<l9:8)<`OQZI;#AGOz>@9:8)<n9AB9*L|def)F}OTC:C)OQZI;
AKDG;RCYAwd DG6[<`>@9:C>:fQJGOzFb9:CáAB9LTZI;BJG6=9)6[>@CáAwdeZI;AB9CaZI6[LTt){G9áAB9;cZIFHhV>@9)6sCa9:CYUV6=9:C)<`OQZI;RCUV6RDG;=<}DG6M
Ca8:f);DG>_OQZaCpAB9}8:ZI6B>|DG;=<'AB9p>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<u
  
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10

-Ò.¯- 
f)wziv}[npkP{jg¡npl{jgk}tvg¡yHg	«ªnpRnxiDÇ
eq
ylkmlFnpoqg uxz¬j{lH¯npwdtvg¡gk¤¬jmlHwddwd§HtvgﬁﬀMgk~rÖuxkP{}wzuxk
yHg i n}vg^Ò¬t[np}lHtvgﬁﬀsÒuxlHt«ªnpRnxiCyHg omnp¯nM°wzgji


MmÄ¤cYÔcﬁﬀ, 

lHg}|np«b/ﬀ~cYÔeÔeÔ#"b'²gji
Fnpt[np³}tvgjihivuxk}¨¯n^yHgkPiwd}v¬y/ª lHk|kmlFnpoqgÁµHk
H2 
c × cY 6 { −3 ﬀPi[n{juxzuxkHkPgyHgkPiwd}v¬Áµ	 H2 
a × cY 18 { −2 ﬀzgjit[npHÒuxt}vi´y/ªnp§ÒuxkPyPnpkP{jgji
 2 ﬀ g}
hf ﬀ;g}lHkrÖnx{}vglHt¤y/ªnp}}vgkmlFnp}wzuxk τ
dwz¬jg7^¯n]{juxzuxkHkPgyHgkPiwd}v¬~yPnpkPi¨lHkkmlFnpoqgﬁﬀ ﬂquxwdt¤ª­fhgYng}¨np«b  cYÔeÔp "b
¶ ¶ ﬂ 
,F$g» ´([¼v$'& ½´*  Â¼v,F,[¼v$'& ½¤*	,$¹ﬁÂ¹', ½¤*
ﬃ
¹ n¹X¼v*	,
pd DG;DGLiaCa9SAB9:CXABZI;=;cf:9:CyAKDG;RC~L.D	h:DG;AB9 C ZGhV<n9);=6=9:CXDG{G9:8~LT9~CVDG<l9)LzLiOz<l9 D'Oz;RC)<l9)Oz;YÃﬀbBOz<n9E9)<wDGL.u.j
KÉKÉK)ÎYD#F}OTC9);ãf){aO`AB9);c8:9 L.Dá;cf:8:9:C:C)Oz<nfAwd Oz;={GZVUV6=9)>HL.Dbo>@f:Ca9);c8:9bAwd 6[;c9bL.DG>?JB9UV6DG;=<`Oz<nfAB9JKDaq
DKh)CaZI>ﬃh:DG;=<wLT9LTZI;BJ	AB9L.D	LiO.JG;c9EAB9{aOTCaf:9ko=ZI6B>>@9);AG>@9*8:ZIF7o<l9EAB9:C*ZGh)Ca9)>_{IDG<?OQZI;RCXAKDG;RCLT9:CEBK 5:o=8
8:9);=<?>\DG6MAwd 6B;4f:8:RDG;=<?OzLzLTZI;ÖAwd DGFHDICHAB9JKDGL.DNMPOQ9:CVukd DG;DGLi®Ca9Clo=9:8)<`>\DGLT9HAB9:C ABZI;=;cf:9:C CÀFbZI;=<`>@9
UV69o=ZI6B>GÆDGFHDIC}C)6B>bBIjEOzL%#Dá6[;Fb9)OzLzLT9)6[>bD\r_6KC)<n9)Fb9);=<ELTZI>:CVUV6=9 LT9:C FbZVABt)LT9:CbAwdef)F}OTC:C)OQZI;
Oz;c8)Li69);=<Ø6[;9\M[8:t:CyAwd DKh)CaZI>o<?OQZI;o==ZI<lZaf)LT9:8)<?>_O`UV6=99);*oLi6KCXAB9'L|d DKh)CaZI>o<?OQZI;JKDGL.DB8)<`O`UV69Vu[d DKh)CaZI>o
<?OQZI;AKDG;RCL.Dh:DG;AB9BC ABZI;=;c9p6[;c9	Oz;N]NZI>_FHDG<?OQZI;YC)6B>	L.D
UV6RDG;=<?Oz<lf<nZI<QDGLT9AB9FHDG<`OQt)>@9	Oz;=<l9)>o=ZaCaf:9
AB9){IDG;=<%L.DCaZI6[>@8:9	AB9>\DGKZI;=;c9)Fb9);=<uw9*Clo=9:8)<`>@9ZGh)Ca9)>_{Gf9:C)<~ABf^×%;=OØoRDG>Ù
Iobs(E) = e
−σtotN(N)Isource(E)
Ú?Û[ÜﬂﬁPß
DG{G9:8
σtot
L.DHCa9:8)<`OQZI;Æ9ﬃâ8|DB8:9	AB9So==ZI<lZIOQZI;=OTCVDG<`OQZI;Y<lZI<DGLT9UV6BOg<?OQ9);=<X8:ZIF7o<n9	AB9:C	AGO f)>@9);=<zC8:ZIF}
o=ZaCVDG;=<^CXDKh)CaZI>ﬃh:DG;=<^CXAG6 F}OzLiOQ9)6b8:ZI;RC)O`ABf)>@fVu
σtot à σgaz 4 σmolcules 4 σgrains
jk8:ZIF}Fb9yL|deZI;=<FbZVABf)LiOTCaf
ﬀOzLiF	C79)<kDGL.u1ÃRKK:ÎGuxDpCa9:8)<?OQZI;9ﬃ&8|DB8:99:C)<w;cZI>_FHDGLiOTCaf:91oRDG>SL.D8:ZILTZI;=;c9AB9);RC)Oz<nfX<lZI<QDGLT97UV6[O9:C)<
DGLTZI>@CLT9EoRDG>|DGFbt)<`>@96B<`OzLiOTCaf7o=ZI6B>HABf:8)>)Oz>@9	L|d DKh)CaZI>o<?OQZI;ÆAB9}L|def)F}OTC:C)OQZI;Cugde9\M[8:t:CHAwd DKh)CaZI>o<`OQZI;
F}OTC9);f){aO`AB9);c8:97AKDG;RCAB9E;cZIFHhV>@9)6GMHDGFHDIC8:ZI>_>@9:Clo=ZI;AHm6B;c98:ZILTZI;=;c97AB9);RC)Oz<lfEFbZIs9);=;c9Awd BI
AG>@Z|JBt);c9pAB9*Ç
H à
B
21
8)F
−2
uOkLT97JKDaqﬁ]_>@ZIO`ACaZI6KC%]NZI>_Fb9FbZILTf:8)6[L.DGOz>@9:j%ABflo=ZaCafyoRDG>*LT98:ZI6B>|DG;=<
AB9}>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<^j~>@9lo>@f:Ca9);=<n9LT9~]ﬃDB8)<n9)6B>HDKh)CaZI>ﬃh:DG;=<1o>_Oz;c8)OWoRDGLWjDGLTZI>@CbZI;C=d DG<`<l9);AYm<`>@ZI6[{G9)>
AB9:CFHDIC:Ca9:CAB9JKDaq*]_>@ZIO`AŁAB9L|deZI>\AG>@9AB9B
12


m#L|d Oz;=<nf)>_OQ9)6B>AG6,>\DGsZI;ãAB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<
Ã>
cool ∼
RK-5:o=8lÎC)OgLT9EJKDaq	ABflo=ZaCaff)<DGOz<ﬁ>@floRDG>_<?Og6B;=O ]NZI>_Fbf)Fb9);=<u
pde9\M[8:t:C7Awd DKh)CaZI>o<`OQZI;9:C)<1LiOzF}Oz<lf7m	L.D	>@fQJGOQZI;
mL|d Oz;=<nf)>_OQ9)6B>7AB9>
cool
j%9)<1AB97;cZI6B{G9|DG6MOz;AGOQ8:9:C:j
oLi6sC'>@f:8:9);=<zC:jAB9'L.D~o>@f:Ca9);c8:9~Awd 6[; DKh)CaZI>ﬃh:DG;=<AB9'L|def)F}OTC:C)OQZI; CÃ^57LzLT9);9)<DGL.u.jxKÉKÉPË57LzLT9);RjRKK:Î
 0
 


 ﬂ
& 
ﬀ
*
"

" ,

 
,- ,
 
"
 
,

,

ﬂ
 

-

 

ﬂ
&
 ﬂ "F 
,

 ﬀ8ﬂ
# 

  
Ca9)FHhVLT9);=<k8:ZI;N×%>)Fb9)>XL.DEo=ZaC:C)O`hVOzLiOz<lfEAB9EL|de9\MPOTC)<n9);c8:9EAB9yJKDaq]_>@ZIO`A	;cZI;Y9);c8:ZI>@97ABf)<n9:8)<lfAGOz>@9:8)<n9)Fb9);=<
9);f)F}OTC:C)OQZI;u

-Ò.z¥ 
Łux^Fnpt[npwzivuxkgkm}tvg¯nRnxivivg|yHgTomnp¹Tr1tvuxwzymlHw©ivgt[npwd}nx{j{lHlHz¬jgÒgkPyPnpkm}CÄ
*©tÁFnptÁlHk {juxlHt[npkm}CyHgTtvgr1tvuxwzywzi[ivggkm}g}¿¯n6Rnxivi[g|yHgTomnp¹kP¬j{jgji[i[npwdtvg|ÒuxlHt g°WHdwzlPgt
«ªnp§Pi[uxtH}wzuxkRyPnpkPi	¯nh§FnpkPyHgs®yPnpkPi	zgÏgst[njquxk  1w«b­geb ∼ aee%Ò{("be²;gji	}[npl°]yHg'yH¬9ueivwd}wzuxk
yHgRnxivivgji)g}¨zgji¨{juxzuxkHkPgji©yHgkPiwd}v¬lH}wddwziv¬jihivuxkm})wzivilPi¨yHgji)uWyH³zgji)y/ªnpkFnpdivgiv9gj{}t[npzg´yHgji
ux§Pi[gt ﬂxnp}wzuxkPi©yPnpkPih¯n§FnpkPyHg´® ﬀ  V¦)dzgk ﬀ9aeee#")npHHdwzlP¬ji7CcYÃ¿npRnxihux§Pi[gt ﬂq¬ji©nﬃﬂqgj{]¦

Ł¦¤b
²An^dwdoekPg¤gkTÒuxwdkm}wddz¬ji©{juxttvgjiÒuxkPy «ª­¬omnpdwd}v¬]yHgji ﬂenpzglHtviYbF²An PoelHtvg¤yHgomnplP{[Pg¤uxkm}tvg´zgji
tv¬jivlHd}[np}vi]9uxlHt¤lHkËuyH³zg ilHHÒuei[npkm}^lHkPg¿¬}[npddwz{wd}v¬ivux¯npwdtvgﬁﬀ{jgdzg yHg ytvuxwd}vggji}]¬}[np§Hdwzg
ÒuxlHtslHkPg~¬}[npddwz{wd}v¬´yHgb 

ﬀ¯n]¬}[npddwz{wd}v¬ylomnp¹wdk}t[nMKnpRnxiYb
v'9:C	L.DG>?JB9:CFHDIC:Ca9:C	AB9JKDaqEo=ZI6[>_>\DGOQ9);=< 
)<`>:96B;>@f:C)O`AG6áAB9*JKDaq~]_>@ZIO`AABflo=ZaCafXoRDG>LT98:ZI6B>|DG;=<
AB9>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Qu~v'9lo=9);AKDG;=<zjﬁ>)OQ9);#;cde9\M[8)Li6B<SUV6=9LT9:C;=6RDaJB9:CAB9*JKDaq']_>@ZIO`ADKh)CaZI>ﬃh:DG;=<ﬁCaZIOQ9);=<
oLi6[<	I<16B;
>:f:C)O`AG6]NZaC:C)OzLT97AB9:C%o=RDICa9:C7DG;=<nf)>_OQ9)6B>:9:CAB9w]NZI>_FHDG<?OQZI;AB9EL|d DGFHDICVu=57Oz;RC)OTj%8:9yJKDaq~o=ZI6B>_
>\DGOz< 
)<`>:9áAG6ÖJKDaqDG>)>\DB8:=f#ZI6Ðf^rN9:8)<lfYAB9:CJKDGL.DNMPOQ9:CAB9L|d DGFHDIC9)<o=9)>@C)OTC)<QDG;=<CaZI6KC6[;c9p]NZI>_Fb9
]_>@ZIO`AB9
DG6ã8:Za9)6[>
AB9L|d DGFHDICVu~)LX9:C)<6[<`OzLT9YAB9]ﬃDGOz>@9>@9)FHDG>\UV69)>
UV6=9á8:9:CFb9:C)6[>@9:CAwd DKh)CaZI>o<`OQZI;
o=9)6[{G9);=< 
)<`>@99)>_>:ZI;cf:9:CVu D~;Ł9^9)<^j'AKDG;RC*LT9hV6[<~AB98:ZI;N×%>_Fb9)>*LT9:C8:ZILTZI;=;c9:CAB9);RC)Oz<nf9:C)<`OzFbf:9:CpDG6
8:9);=<?>@9AB9:CDGFHDIC:j7Awd DG6[<`>@9:CZGh)Ca9)>){IDG<`OQZI;RC8:ZIF7oLTf)Fb9);=<QDGOz>:9:CZI;=<f)<nf Fb9);cf:9:CVu%)L1C=d DaJGOTC:CVDGOz<AB9
Fb9:C)6[>@9)> L.DUV6RDG;=<?Oz<lfAB9JKDaq
DKh)CaZI>ﬃh:DG;=<*AB9){IDG;=<6B;c9 CaZI6B>@8:9Oz;ABflo=9);AKDG;=<l9Vu :'6[OTCVUV6gd 6[;ÆJG>\DG;A
;cZIFHhV>@9
Awd DGFHDIC
AB9HJKDGL.DNMPOQ9:C	o=ZaC:Cat|AB9);=<6[;c9bCaZI6[>@8:9>\DKAGOQZÖ8:9);=<`>\DGLT9ŁÃ?ÓX6B>);RC:jpKÉKÉB:Îaj*OzLXD$f)<lf
o=ZaC:C)O`hVLT9AB9Fb9:C)6B>@9)>DG{G9:8 C
áQÇp9)Ñg<nZI;L|def:8|DG>_<Xm
6B;,D\r_6KC)<n9)Fb9);=<woRDG>	6B;c9}LTZIO~AB9Eo6BOTC:CVDG;c8:9
o=ZI6[>	áÌ=ÊÃ?ÓaB>_Oz;BJB9)> 9)<EDGL.u.jXRKIBh¾ÎGu%9FbZVABt)LT9DGLTZI>@C6[<`OzLiOTCafH;c9;cf:8:9:C:C)Oz<QDGOz<koRDIC Awd DKh)CaZI>o
<?OQZI;C)6®oKoLTf)Fb9);=<QDGOz>@9mL|d DKh)CaZI>o<?OQZI;bJKDGL.DB8)<?O`UV6=9Vu%v'9)<S9\M[9)F7oLT9CaZI6BLTt){G9LT9UV69:C)<`OQZI;AB9L.DH>@f:9)LzLT9
;cf:8:9:C:C)Oz<nfAwd 6[;c98:ZIF7o=ZaCVDG;=<l9EDKh)CaZI>ﬃh:DG;=<l9yC)6®oKoLTf)Fb9);=<QDGOz>@9Vu)L9:C)<o=ZaC:C)O`hVLT98:9lo=9);AKDG;=<UV6=9LT9~JKDaq
DKh)CaZI>ﬃh:DG;=<S;c9}CaZIOz<goRDIC}Oz;=<n9)>o=ZaCaf9);=<`>@9HL.DCaZI6[>@8:9>\DKAGOQZá9)<L|deZGh)Ca9)>_{IDG<n9)6B>ﬃu7vde9:C)<koRDG>9\M[9)F7oLT9
LT98|DICpC)OﬁLT9*JKDaqHUV6BOgCa9	>@9^]_>@ZIO`AGOz<E9:C)<E8:RDIC:CafAB9L.D>:fQJGOQZI;Ö8:9);=<`>\DGLT9:jﬁCaZI6KC	L|d DB8)<?OQZI;AB9L.DCaZI6B>@8:9
>\DKAGOQZ8:9);=<?>\DGLT9HÃÞoRDG>L|de9\MﬃoRDG;RC)OQZI;áAB9:CgrN9)<^Cp>\DKAGOQZ AKDG;RC*LT9pF}OzLiOQ9)6
Oz;=<l9)>_`JKDGL.DB8)<?O`UV6=9lÎGu
  
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10
¶ ¶ Q¶ 
  S½E»9$
ﬃ
&´*È¹Ï(9$ﬁÂ¼y¸´*¸¤&´* ,+$ n¸([¼v$'& * S¿ n¸¤*
w9:C*JG>\DG;AB9:C{IDGLT9)6B>@CAB9:C 8:ZILTZI;=;c9:CAB9);RC)Oz<nf}UV69<?>@ZI6B{G9);=<SLT9:CFbZVABt)LT9:CAwd DG;DGLiaCa9Clo=9:8)<`>\DGLT9
AB9:CEABZI;=;cf:9:CAKDG;RCL.D	h:DG;AB9C OzF7oLiO`UV6=9);=<UV69LT9~JKDaq7DKh)CaZI>Vh:DG;=<AB9){a>\DGOz<=o=ZI6[{GZIOz>
)<`>@97ABf)<n9:8)<lf7m
<?>\DG{G9)>@CpAwd DG6B<`>:9:CLTZI;BJG69)6B>@CpAwdeZI;AB9:CVuxSD)oKo=9)LTZI;RC*UV6=9*LT9:C*>@fQJGOQZI;RC8:9);=<?>\DGLT9:CÃR 5:o=8lÎHAB9:CDGFHDIC
AB9JKDGL.DNMPOQ9:C}DG{G9:8H8:ZI6[>\DG;=<AB9	>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<%CaZI;=<AB9:CC)Oz<l9:CHAB9']NZI>_FHDG<?OQZI;C)<n9)LzL.DGOz>@9DIC:CaZa8)OQf:C
máL|def)F}OTC:C)OQZI;$AB9 >|DGOQ9:CZ:o<`O`UV69:CYÃ^57LzLT9);RjKÉKÉKÒIËSŁ8:ÇDGFHDG>\D9)<DGL.u.jKÉKÉBÍGh)ËZIOz<	Å 9ZI;DIB6=9:j
KÉKÉÊﬃËﬁvk>\DGÑ]NZI>\AH9)<gDGL.u.j1KÉKÉKÉ)Î	DGLTZI>@C7UV69ELT9:C7DGFHDICSCVDG;RC*8:ZI6B>\DG;=<kAB9E>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<w;c9LT9XCaZI;=<
oRDICVu*v'9po==f);cZIFbt);c9C)6GJaJBt)>@9bL.Dbo>@f:Ca9);c8:9 ;cf:8:9:C:CVDGOz>:9bAwd 6B;>:f:Ca9)>_{GZIOz>bAB9FHDG<`OQt)>@9:jAGOTClo=ZI;=O`hVLT9
o=ZI6[>Oz;=Oz<?OQ9)>L.D]NZI>_FHDG<`OQZI;ÆAwdef)<lZIOzLT9:C}UV6[Oo=ZI6[>_>\DGOz<xrNZI6=9)>	LT9}> ILT9}Awd DKh)CaZI>ﬃh:DG;=<SAB9	L|def)F}OTC:C)OQZI;'Cu
99;cZIFHhV>@9)6sCa9:C>@9:8:=9)>@8:=9:CHZI;=<f)<nfFb9);cf:9:Co=ZI6B>	Fb9)<`<`>:9H9);,f){aO`AB9);c8:9H8:9*JKDaqHDKh)CaZI>Vh:DG;=<zj';cZI
<DGF}Fb9);=<ﬁAKDG;RCL.D >\DGOQ9pm BB8)F AB9L|d BGAG>:Z|JBt);c9VucxD >@9:8:=9)>@8:=9pAB9*L.DH>|DGOQ9pmHBB8)FÀ9);Łf)F}OTC:C)OQZI;
DIC:CaZa8)OQf:9	DG6JKDaqDG<nZIF}O`UV6=98:RDG6AÃ	=DGLT9);=<`O r_;,Å IyOQZI{IDG;c9)LzLiOTjyKÉPÌPGË RD\99)<XDGL.u.jyKÉKÉGGË A d 9	9|D
9)<wDGL.u.jwKÉKÉBÍ:Î*D}8:ZI;AG6BOz<wm	AB9:C~;cZI;ABf)<l9:8)<?OQZI;RCÃ?CVDG6_]o=ZI6B>'Ì=Ê\Î9)<m	AB9:C~LiOzF}Oz<n9:C'C)6®o=f)>_OQ9)6B>:9:CXAB9
8:ZILTZI;=;c9:CAB9);RC)Oz<lf}AB9L|deZI>\AG>@9AB9}B
19
8)F
−2
jX9\M[8)Li6DG;=<'L.D	o=ZaC:C)O`hVOzLiOz<lf	Awd 6B;YJKDaq Z:o<`O`UV69)Fb9);=<×%;u
O1LT9XJKDaq	DKh)CaZI>ﬃh:DG;=<~9:C)<1CaZI6sCL.D]NZI>_Fb9pAwd BGAG>@Z|JBt);c9DG<lZIF}O`UV69:j%DGLTZI>@C*OzLABZIOz<
)<`>@9Z:o<`O`UV69)Fb9);=<
floRDGOTC:jAB9<l9)LzLT9FHDG;=OQt)>@9UV69LT9 C)O.JG;DGLS9);Ðf)F}OTC:C)OQZI;ÖCaZIOz<JG>\DG;AB9)Fb9);=<7>@f|AG6BOz<upv'9:8)OEOzF7oLiO`UV6=9
UV69}LT9:C};=6RDaJB9:C Awd BPAG>@Z|JBt);c9}DG<nZIF}O`UV6=9CaZIOQ9);=<X<`>:t:Cy]_>:ZIO`AICÃ ∼ B   Îo=ZI6[>HDG<`<l9)Oz;AG>:9HAB9	RDG6B<n9:C
8:ZILTZI;=;c9:CpAB9);RC)Oz<lfHÃ ∼ B 21 8)F −2 ÎGu
9:C<n9);=<QDG<`Oz{G9:C AB9 ABf)<l9:8)<?OQZI;$Awd BGAG>@Z|JBt);c9 DG<lZIF}O`UV69~]_>:ZIO`A9);DKh)CaZI>lo<`OQZI;,AB9){IDG;=<EAB9:CCaZI6B>@8:9:C
>\DKAGOQZáf)<n9);AG6=9:C
Ã?Ł8:ÇDGFHDG>\DŁ9)<7DGL.u.jEKÉKÉBaË A d 99|D9)<DGL.u.jEKÉKÉKÒIj79VuiJKu ÎáZI;=<8:ZI;AG6BOz<7mAB9:C ABf)
<n9:8)<`OQZI;RC7o=ZI6B>HUV6=9)L.UV69:CDGFHDICHAB9pJKDGL.DNMPOQ9:CÙ15*h)9)LzL
E=RÍŁÃ:vk>\DG;c9 9)<EDGL.u.jEKÉPÌPVÎaj~I5 KsÒ
4
GÉBÍaj

 
ﬀCEÃ?Ł8:ÇDGFHDG>\D9)<xDGL.u.jØKÉKÉB:Îaj 7PAG>\DX5 Ã9*ÑﬁDG>|D85GDG;DG<z	9)<xDGL.u.jØKÉKÉKÒ)Îaj[5*h)9)LzLKBÒKÉÊÃ;A d 9	9|D
9)<'DGL.u.j'KÉKÉFEGÎajﬁDG{G9:8AB9:CpAB9);RC)Oz<nf:CAB98:ZILTZI;=;c9pAB9L|deZI>\AG>@9AB9UV6=9)L.UV6=9:CB
20
ÃVÔ
s
2cBK
 
ÎK8)F
−2
jyZ87
Ô
s
9:C)<L.DÖ<n9)F7o=f)>\DG<`6[>@9Awde9\M[8)Oz<DG<`OQZI;Rj	D)oKo=9)LTf:9
<n9)F7o=f)>\DG<`6[>@9áAB9CloOz;uv'9)LzLT9)|8)O	9:C)<HfQJKDGLT9ámÖL.D
<n9)F7o=f)>\DG<`6[>@9á8)Oz;cf)<`O`UV6=9AG6JKDaqáAKDG;RCLT9:Cá8:ZI;AGOz<`OQZI;RC
Awdef|UV6BOzLiO`hV>@9<^=9)>_FbZVAGI;DGF}O`UV69LTZa8|DGL.uSxD
oLi6®oRDG>_<7AB9:CbDGFHDICZGh)Ca9)>_{Gf:C;c9*o>@f:Ca9);=<n9);=<%oRDICbAB9H>|DGOQ9:CbAB9ﬁS9);4DKh)CaZI>o<`OQZI;49)<7LT9:CHLiOzF}Oz<l9:C
C)6®o=f)>_OQ9)6B>@9:CSCaZI;=<gAB9EL|deZI>\AG>:97AB97B
18−19
8)F
−2
o=ZI6B>6[; JKDaqAwd 6[;c9<l9)F7o=f)>\DG<?6B>@9AB9*B
 
jw6B;*]ﬃDB8)
<n9)6B>pAB98:ZI6B{G9)>_<?6B>@9AB9L|deZI>\AG>@9pAB9L|d 6B;=Oz<nf	9)<ﬁ6B;c9L.DG>?JB9)6B>pAB9*>\DGOQ9AB9 ∼ KuzÒ 5IFB2=CVuOkLT9k]ﬃDB8)<l9)6[>
AB98:ZI6[{G9)>_<`6[>@9HCloRDG<?O`DGLT99:C)<E<?>@t:Co=9)<`Oz<^jEOzLkCa9o=9)6[<UV69 LT9:C ;=6DaJB9:CDGOQ9);=<*f)<nf FHDG;UV6=f:CC)6[>HLT9:C
LiO.JG;c9:CpAB9p{aOTCaf:9ZGh)Ca9)>_{Gf:9:CVu
D~;8:ZI;c8)Li6KC)OQZI;RjwOzLØD7o=9)6AB9p8:RDG;c8:9UV69ELT9p8:ZIF7o=ZaCVDG;=<gABZIF}Oz;DG;=<wL|d DKh)CaZI>o<?OQZI;AB97L|def)F}OTC)
C)OQZI; C CaZIOz<yCaZI6sCS]NZI>_Fb9 Awd BGAG>@Z|JBt);c9HDG<lZIF}O`UV69Vu ﬀw;c9CaZILi6B<`OQZI;4f){GZVUV6f:9HDGLTZI>:Cb9:C)<*8:9)LzLT9HAB9L.D
o>@f:Ca9);c8:9pAB9p;=6RDaJB9:CCaZI6sC%]NZI>_Fb9Awd BGAG>@Z|JBt);c9*FbZILTf:8)6BL.DGOz>@9AKDG;RCLT9pF}OzLiOQ9)6Oz;=<?>\DG¾DGFHDICVu
¶ ¶ 
 
*
ﬃ
¹ÁÂ$  ¿c¸ ¾¹%¼l»Ò*Áº@»Ò$%¼n½
  

"
 
$

,
 
,

ﬂ  1!# 
   
99;cZIFHhV>:9)6KCa9:CZGh)Ca9)>_{IDG<?OQZI;RCXo=ZI6B>	<l9);=<n9)>AB9}ABf)<l9:8)<n9)>AG6JKDaqFbZILTf:8)6BL.DGOz>@9DG68:9);=<?>@9}AB9:C
DGFHDICŁAB9JKDGL.DNMPOQ9:CŁZI;=<f)<nfÖ8:ZI;AG6BOz<l9:CVu vde9:C)<9);/KÉPÌsÉäUV6=9o=ZI6B>L.D#o>@9)F}OQt)>@9}]NZIOTCYxDaqaDG>@9^
9)<DGL.uÃnKÉPÌsÉ)Î>\D)oKo=ZI>_<l9);=<*L.DÆABf:8:ZI6B{G9)>)<l9AB98:9:C>\DGOQ9:CAwdef)F}OTC:C)OQZI;äAG6,FbZI;cZﬃMPPAB9AB9Y8|DG>ﬃh)ZI;c9
v A*ÃnG|:Î 9)<Ev A*ÃK¾)Î}DG6#8:9);=<`>@9AB9*L|d DGFHDICAB9 :X9)>:Caf:9:jﬁAKDG;RC*L.DJKDGL.DNMPOQ99)LzLiOWo<?O`UV6=9Ç1I*v&GÊ®ÒKu
9:CDG6B<l9)6[>@CABf|AG6[OTCa9);=<DGLTZI>@C6B;c9YFHDIC:Ca9áAB9YFHDG<?OQt)>@9ámÖL|def)<DG<}AB9JKDaqáFbZILTf:8)6BL.DGOz>:9p]_>@ZIO`A$AB9
 0
 


 ﬂ
& 
ﬀ
*
"

" ,

 
,- ,
 
"
 
,

,

ﬂ
 

-

 

ﬂ
&
 ﬂ "F 
,

 ﬀ8ﬂ
# 

  
∼ B 9  
uk9pJKDaqy]_>:ZIO`AAB9 8:9)<DGFHDIC}AB9*JKDGL.DNMPOQ9:jy>@f)|ZGh)Ca9)>_{GfXoLi6sC>:f:8:9)F}Fb9);=<9);äv AÃ?9:C)<n9)>
9)<EDGL.u.jKÉKÉKÒIËﬁ_>_ÑgOz;4Å ÓS>)O`AaJB9:C:jXKÉKÉBÍaËﬁ_;cZI69 9)<7DGL.u.jXKÉKÉBÍGD)ÎajS;c9Ca9)FHhVLT9o=ZI6B>)<QDG;=<koRDICLiOQfHDG6
8:ZI6[>\DG;=<kAB97>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<zjwFHDGOTCﬁoLi6B<	I<%m6[;c9*DB8)<?Oz{aOz<lfAB98|DG;=;=O`h:DGLiOTC)Fb9~JKDGL.DB8)<?O`UV6=9*9);#8:ZI6B>@C
DB8)<?6=9)LzLT9)Fb9);=<Qu~deZI>_O.JGOz;c9AG6ŁJKDaqFbZILTf:8)6BL.DGOz>@9 >:9:C)<l9ABZI;c8<`>@t:C8:ZI;=<`>@ZI{G9)>:Caf:9:j	Ã	=DG;AB9);h)9)>?JÆÅ
ÄDG6BL=5I;c9)>@jKÉÊKÊﬃË76&9)<pDGL.u.jKÉPÌKËB:X9|ARL.DG>
9)<DGL.u.jKÉKÉBaË pZILi< qVFHDG;â9)<DGL.u.jKÉKÉGGËEÇZI>?JKDKDG>\AG
ÇOQ9)LWCa9);Ł9)<yDGL.u.j'KÉKÉPﬃÎGu


" ,

 
,- ,
  
"
#  
,

,

ﬂ  
vde9:C)<yAKDG;RC8:9}8:ZI;=<l9\MP<l9	UV6%deZI;=<~DGLTZI>@C}f)<nf}9);=<`>@9lo>)OTCa9:CpAB9p;cZIFHhV>:9)6KCa9:CZGh)Ca9)>_{IDG<`OQZI;RCAB97JKDG
L.DNMPOQ9:C78:9);=<`>\DGLT9:CEAwd DGFHDIC:jwAKDG;RCyLT97hV6[<AB9>@f){Gf)LT9)>yL.DXo>@f:Ca9);c8:9EAB9'JKDaq]_>:ZIO`ADG6Ca9)Oz;AB9:C8:ZI6[>\DG;=<zC
AB9>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Qu%v'9:C7>@9:8:=9)>@8:=9:C<`>@t:CpDB8)<`Oz{G9:C9);=<`>@9KÉKÉBH9)<ﬁKÉKÉFE#ZI;=<~8:ZI;c8)Li6DG6Y8:ZI;=<?>\DGOz>@9
m L|d DKh)Ca9);c8:9AB9ABf)<l9:8)<`OQZI;#AG6JKDaq}AB9);RCa9	9)<]_>@ZIO`ADG<`<n9);AG6Ru
3
Iy>\DKh)9)LWC;5IHÅ ﬀLiFb9)>pÃnKÉKÉB:Î	ZI;=<gZGh)Ca9)>_{GfEK*JKDGL.DNMPOQ9:CDG{G9:8XLT9SÇy51Aã<nf)LT9:Ca8:Z:o=9AB9EGKFm
 
Oz<`<G:X9|D85aj57>_O.qIZI;DIjﬁmHL.D]_>@f|UV69);c8:9Awdef)F}OTC:C)OQZI;YAB9L.D <`>\DG;RC)Oz<?OQZI;Y>:ZI<QDG<`OQZI;=;c9)LzLT9
à
 → 
AG6Öv AXuXÔØZI6B<n9:CLT9:C7JKDGL.DNMPOQ9:CZGh)Ca9)>_{Gf:9:CCVDG6)]6B;c9*CaZI;=<S8:ZI;=;=69:C8:ZIF}Fb9f)<DG;=<yDG6#8:9);=<`>@9
Awd DGFHDICpDKhV>_Oz<QDG;=<g6[;#8:ZI6[>\DG;=<'AB9*>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Quxdef)F}OTC:C)OQZI;YAG6#v A;cde9:C)<ﬁDGLTZI>@CpABf)<l9:8)
<lf:9ﬁo=ZI6B>7DG68)6B;c9AB9:C~JKDGL.DNMPOQ9:C7AB9L|def:8:RDG;=<?OzLzLTZI;Y9)<LT9:CLiOzF}Oz<n9:CSC)6ao=f)>_OQ9)6[>@9:CAB9:CFHDIC:Ca9:C7AB9
JKDaqY9:C)<?OzFbf:9:C}CaZI;=<>@9)L.DG<`Oz{G9)Fb9);=<SJG>\DG;AB9:CbÙAB9bL|deZI>\AG>@9AB9B
9−10


uv'9)LzLT9:C)|8)OS>@9:C)<n9);=<
8:9lo=9);AKDG;=<k<`>@t:C*Oz;N]Nf)>_OQ9)6[>@9:C*DG6GM*o>@f|AGOQ8)<?OQZI;RC7OTC:C)69:C*AB9:C*<QDG6MAB9pABflo=ZaC)Oz<`OQZI;AB9*FHDIC:Ca9*AB9
L|deflo=ZVUV6=9Vu
3
Ł8:ÇDGFHDG>\D#Å RD\9ÃnKÉKÉFEGÎ
ZGh)Ca9)>){G9);=<DGLTZI>@CUV6DG<`>@9HDG;=;cf:9:CoLi6sC<DG>\AáAKDG;RC	L.D
>\DGOQ9HAG6
v A*ÃK¾)Î	ÍpDGFHDICAB9ﬁJKDGL.DNMPOQ9:CXDG{G9:8SLT9 Øv4Ô,Ã RDGFb9:CvkLT9)> 5DNMPÑ~9)LzLÔ9)LT9:Ca8:Z:o=9lÎAB9XKÒGF
m
DG6[;D
 
9|DIjDGÑﬁD

Ù GAG>\D5j~5pBKÍKajy
 
ﬀ
C:j'5*BKÒKIj'5*KBÒBÍajpvkVJ5uﬁDGL JG>@f
AB9h)ZI;=;c9:C8:ZI;AGOz<`OQZI;RCDG<?FbZaClo==f)>_O`UV6=9:C9)<SAB9:Cp<l9)F7o=f)>\DG<?6B>@9:C*C)®C)<lt)Fb9p>@9)L.DG<?Oz{G9)Fb9);=<S8:ZI>_
>@9:8)<n9:CÃVÔ
sys ∼
EcKI¾ÒBK
 
ÎajﬁDG6=8)6[;c9f)F}OTC:C)OQZI;
;cde9:C)<'ABf)<n9:8)<lf:9Vu9:CFHDIC:Ca9:CLiOzF}Oz<n9:CAB9EJKDaq
]_>@ZIO`AAKDG;RCLT9:CBÒ 5:o=88:9);=<`>\DG6GMZGh)Ca9)>_{Gf:CECaZI;=<yDGLTZI>@CAB9pL|deZI>\AG>@9AB9Ìsu=E#B
9


u
3
A d 99|D9)<kDGL.ukÃnKÉKÉFEGÎDG>_>_Oz{G9);=<km	L.D	F 
)Fb98:ZI;c8)Li6KC)OQZI;DG6}C)6)rN9)<1AwdeZGh)Ca9)>_{IDG<?OQZI;RC78:ZI;AG6[Oz<l9:C
DG{G9:8LT9bDﬁgÔÃQÑ~9|AGOTC:B Dﬁ#A6hVF}OzLzLiOzFb9)<l9)>Ô9)LT9:Ca8:Z:o=9lÎajE6[;c9DG;=<n9);=;c9AB9
KÒGF máxD
OzLzL.DIjEvBOzLiO`u~vkOz;U>\DKAGOQZ	JKDGL.DNMPOQ9:C :
 
x[Ê EÒG¾KÉKIjGAG>\D}5jgÇ1I*v EcÍGÉBÍaj :
 
xKÍE=lRKÍ
9)< :
 
ØKÉPE=|Í[Í CaZI;=<ZGh)Ca9)>_{Gf:9:CAKDG;RCLT9:C}>\DGOQ9:Cv A*ÃnG|:Î9)<pv A*ÃK¾)ÎGuk9:C}FHDIC:Ca9:CLiOz
F}Oz<l9:C}ZGhV<n9);=6=9:CCaZI;=<SfQJKDGLT9)Fb9);=<~AB9*L|deZI>|AG>@9AB9	B
9


AKDG;RC*L.Db>:fQJGOQZI;ŁZGh)Ca9)>){Gf:9Vu
3
xD#F 
)Fb9DG;=;cf:9:jSÓX>\DGOz;c9
Å 96®o>\DaqÃnKÉKÉFEGÎZGh)Ca9)>_{G9);=<ÌJKDGL.DNMPOQ9:C8:9);=<?>\DGLT9:CAwd DGFHDICÙ
5*RÍIGjﬁ5 EÊaÌjﬁ5ÊaÌ[ajﬁ5pÊ®ÉKÒIj%5*RIBÉIjﬁ5*RGÒGGj%5*BKÉKÉIjSI5ÀKsÒ
4
GÉBÍDG{G9:8LT9<lf)LT9:Ca8:Z:o=9
AB9
[IF AB9L|d :y57j Iy>:9);DKAB9:j D%CloRDaJG;c9:jpm<`>\DG{G9)>:CLT9:C>\DGOQ9:C
Awdef)F}OTC:C)OQZI;v A*ÃnG|:Î9)<
v A*ÃK¾)Î UV6BOg;c9CaZI;=<oRDICABf)<n9:8)<lf:9:Cp;cZI; oLi6KCVu
w9:C*LiOzF}Oz<n9:CEC)6®o=f)>_OQ9)6B>:9:CpAB9EJKDaqFbZILTf:8)6BL.DGOz>:91]_>@ZIO`AABf|AG6[Oz<l9:CpAB9	8:9:CZGh)Ca9)>_{IDG<?OQZI;RCECaZI6[LTt){G9);=<
AB9:CUV6=9:C)<?OQZI;=;c9)Fb9);=<zCVuD';Æ9^9)<^jS9)LzLT9:C7CaZI;=<X9);Æ8:ZI;=<`>\DKAGOQ8)<?OQZI;#DG{G9:8pLT9:CJG>|DG;AB9:C	8:ZILTZI;=;c9:CAB9);=
C)Oz<nfAB9HJKDaqDKh)CaZI>Vh:DG;=<pABf|AG6BOz<l9:C
AB9:CYZGh)Ca9)>_{IDG<`OQZI;RC Cu 9	9F 
)Fb9:j*LT9:C<DG6MÖAB9
ABflo=ZaC)Oz<?OQZI;äAB9
FHDIC:Ca9bAG6#JKDaq8:RDG6A o>@f){GZIOQ9);=<7AB9:CUV6RDG;=<`Oz<nf:CAB9JKDaq
ABflo=ZaCaf:9:CbAG6B>\DG;=<L|d aJB9AG68:ZI6B>\DG;=<AB9
  
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10
>@9^]_>:ZIO`AGOTC:Ca9)Fb9);=<kÃ ∼ UaUV6=9:C IyI>Î9);={aOz>@ZI;AB9)6MHZI>\AG>@9:CAB9ﬁJG>\DG;AB9)6B>XDG6B¾AB9:C:C)6sCXAB9:CSFHDIC:Ca9:C~C)6ao=f)
>_OQ9)6[>@9:C}9:C)<`OzFbf:9:C	AB97JKDaqy]_>@ZIO`AKu#:'Li6KC)OQ9)6[>@C*CaZILi6B<?OQZI;RCCaZI;=<o=ZaC:C)O`hVLT9:CSo=ZI6[>>@f:8:ZI;c8)OzLiOQ9)>L|d DKh)Ca9);c8:9
AB9ABf)<n9:8)<`OQZI;AB9*JKDaq}FbZILTf:8)6BL.DGOz>:9%]_>@ZIO`A9)<yLT9:CHZGh)Ca9)>_{IDG<?OQZI;RC	AKDG;RCL.Dh:DG;AB9BC	uk6®oKo=ZaCaZI;RC	UV6=9
LT97JKDaqFbZILTf:8)6[L.DGOz>@9	DG<`<n9)O.JG;c9	AB9:C<l9)F7o=f)>|DG<`6B>:9:Cp<`>@t:Ch:DIC:Ca9:C:jXÃnAB9	L|deZI>\AG>@9	AB9BuÊa
 
ÎbAwdef);cZI>_Fb9:C
UV6DG;=<`Oz<lf:CAB9 JKDaq;cZI;âABf)<l9:8)<QDKhVLT9:C	o=ZI6B>)>\DGOQ9);=<	DGLTZI>@CCa9<`>:ZI6B{G9)>
DG6&8:9);=<?>@9AB9:CDGFHDICVu')LE9:C)<
fQJKDGLT9)Fb9);=<o=ZaC:C)O`hVLT9áUV6=9L.DYo=Z:o6[L.DG<`OQZI;ÈAB9Y;=6RDaJB9:C#AB9 o=9)<?Oz<l9:Cá<QDGOzLzLT9:C:j	;cZI;>@f:CaZILi6KCCloRDG<`O`DGLT9)
Fb9);=<^jo=ZaC:Cat|AB9E6[;c9XJG>\DG;AB9AGOTClo=9)>@C)OQZI;AB9*{aOz<l9:C:Ca9:CVuxde9);RCa9)FHhVLT9AB9:C7;=6DaJB9:CZGh)Ca9)>){Gf:C%o=ZI6B>_>|DGOz<
DGLTZI>@C 
)<`>:9f)<l9);AG6C)6[>}6B;c9H<?>@t:CL.DG>?JB9 h:DG;AB9	Clo=9:8)<?>\DGLT9:j~C)6ao=f)>_OQ9)6[>@9bmL.D
L.DG>QJB9)6B> AB9 h:DG;AB9HAG6
ABf)<n9:8)<l9)6B>:jﬁ>@9);AKDG;=<'AGO ﬃ&8)OzLT9LT9)6B>	ABf)<l9:8)<`OQZI;u
ÇZI6KCáDG{GZI;RCo>@Z:o=ZaCafYAB9
>:f)|ZGh)Ca9)>_{G9)>LT98:9);=<`>@9YAB9:CYDGFHDICYAB9bJKDGL.DNMPOQ9:CDKhV>_Oz<DG;=<p6[;È8:ZI6B
>\DG;=<yAB9p>@9^]_>@ZIO`AGOTC:Ca9)Fb9);=<'AKDG;RCpLT9	ABZIFHDGOz;c9pF}OzLzLiOzFbf)<?>_O`UV6=9Vu9}hV6B<f)<QDGOz<~Awde9:C:CVDGs9)>AB9	ABf)<l9:8)<n9)>
L|def)F}OTC:C)OQZI;AG6HJKDaqFbZILTf:8)6BL.DGOz>@91]_>@ZIO`ApJG> B8:9mL.DCa9);RC)O`hVOzLiOz<nf*DGFbf)LiOQZI>@f:9AG6<nf)LT9:Ca8:Z:o=9*AB9[IF AB9
L|d :y57#u
H  1
¢¦y­ 3´£)¯°
¢â³ £)±ﬃ±)£ﬃ³ 4y´­1£ﬃ¤ ¥¦X¢Ð¥¨´4S±ﬃ¦X¢6~¯p¦ §¦*³ §¦
± 8	

¶  
ﬂ ·
*	,B¿Ø»R¼	´([¼v$¨& ½¤*  ^¼v&¤,H([»R¸Â*	&)(
ÇZI6KCDG{GZI;RC}9);=<?>@9lo>_OTCpL.D>:9:8:=9)>@8:=9	AB97JKDaq	FbZILTf:8)6BL.DGOz>@9	m<`>\DG{G9)>@CpL|deZGh)Ca9)>){IDG<`OQZI;ŁAB9:Cp>\DGOQ9:C
Awdef)F}OTC:C)OQZI;$v A*ÃnG|:Î9)<v A*ÃK¾)ÎbmBu`ÍIF}F¨ÃnKKÒI Sq¾ÎY9)<XKu PF}F¨Ãs[ I Xq¾ÎAG6FbZI;cZﬃMPGAB9
AB98|DG>ﬃh)ZI;c9Vu
99:8)>_Oz{GZI;RCŁhV>_OQt){G9)Fb9);=<}LT9o>_Oz;c8)OWo=9ŁAwdeZGh)Ca9)>_{IDG<?OQZI;ÈDG{G9:8#L|d DG;=<l9);=;c9ŁAB9Ł[IF AB9L|d :y5u
def)F}OTC:C)OQZI;&AG6ÖC)O.JG;DGLXAKDG;RCLT9ABZIFHDGOz;c9>\DKAGOQZIlF}OzLzLiOzFbf)<?>_O`UV6=9bCa9Fb9:C)6B>@9RDKhVOz<?6=9)LzLT9)Fb9);=<9);
<n9)>_Fb9SAB9S<l9)F7o=f)>\DG<?6B>@9Awd DG;=<l9);=;c99)<;cZI;AB9cÏ'6M8:ZIF}Fb9SAKDG;RCyLT9XABZIFHDGOz;c9Z:o<`O`UV6=9Vu6aoKo=ZaCaZI;RC
6[;c9HCaZI6B>:8:9ABZI;=<L.DŁAGOTC)<?>_O`hV6B<?OQZI;,Clo=9:8)<`>|DGLT9AB9b>|DGKZI;=;c9)Fb9);=<*mL|def|UV6BOzLiO`hV>:9b<z=9)>)FbZVAGI;DGF}O`UV6=9
9:C)<ABf^×%;=OQ9oRDG>Y8:9)LzLT9Awd 6B;Á8:ZI>lo=C;cZIOz>
mÆL.D<n9)F7o=f)>\DG<`6[>@9$Ô²ÃW]NZI;c8)<`OQZI;âAB9 :'L.DG;c8;5:ÎGu 9pDG;RCLT9
ABZIFHDGOz;c9}>\DKAGOQZIlF}OzLzLiOzFbf)<`>)O`UV6=9Ã?
ν 
5ÔÎ;cZI6KCH;cZI6sC}<?>@ZI6B{GZI;RCbAKDG;RC}LT9bABZIFHDGOz;c9HAB9	SDGILT9)O.JIB
=9|DG;RCko=ZI6[>XLT9|UV6=9)L=L.DhV>_OzLzL.DG;c8:9EAB9L.DpCaZI6B>:8:9*9:C)<C)OzF7oLT9)Fb9);=<Ro>@Z:o=ZI>_<?OQZI;=;c9)LzLT9EmpCVDp<n9)F7o=f)>\DG<`6[>@9
AB9hV>_OzLzL.DG;c8:9Ô
b
Ù
Bν =
2kTb
λ2
(W.m−2.sr−1.Hz−1)
ÚQÛBÜPß
9gÏ~6M>@9\N6oRDG>*6B;ÆZGh)Ca9)>_{IDG<n9)6B>	9:C)<yDGLTZI>@C	ABZI;=;cf'oRDG>	Ù
Sν = Bν∆Ω =
2kTb
λ2
∆Ω (W.m−2.Hz−1)
ÚQÛBÜKß
Z87
∆Ω
9:C)<XL|d DGOz>@9CaZI6KC)l<n9);AG6=97oRDG>}L.DCaZI6B>@8:99);C)<lf)>\DKAGO`DG;RCVu Ay>@jXOzL1;cde9:C)<koRDICo=ZaC:C)O`hVLT9AB9
8:ZI;=;DH@z<?>@9EL|de9\MP<l9);RC)OQZI;YAB9:CCaZI6B>:8:9:CDG{G9:876[;c9*DG;=<l9);=;c9>\DKAGOQZGugv'9)LzLT9)|8)OABf)<n9:8)<l9LT9C)O.JG;DGL>:floRDG>_<`O
C)6[>YL|de9);RCa9)FHhVLT9#AG6âLTZGh)9VuÔZI6[<	Ca9 oRDIC:Ca9Æ8:ZIF}Fb9
C)O	L.D$CaZI6B>@8:9Æf)Fb9)<`<?>_OQ8:9#DG{IDGOz<}6[;c9áC)6B>z]ﬃDB8:9
8:ZI>_>:9:Clo=ZI;AKDG;=<l9DG6LTZGh)9AB9L|d DG;=<n9);=;c9Vucd DG;=<n9);=;c9p8:ZILzLT9:8)<l96B;c9~o6BOTC:CVDG;c8:9<lZI<QDGLT9pABZI;=;cf:9ﬁoRDG>Ù
W = Ae
kT
λ2
∆νΩA (W)
Ú?Û[ÜPß
 0
	

 
"

ﬀ

 ,

ﬂ  "
&(
$$
&9
,-ﬀ

" 

,

$

"

ﬂ>
 #	=>& #
$¾- ﬂ)
  
DG{G9:8
ΩA
LT9}LTZGh)9AB9}L|d DG;=<l9);=;c9 9)<ﬁ5
e
L.DC)6B>z]ﬃDB8:9b9^9:8)<`Oz{G9AB9L|d DG;=<n9);=;c9:jSUV6[O8:ZI>)>@9:Clo=ZI;A
m
CVDC)6B>z]ﬃDB8:9JBf:ZIFbf)<?>_O`UV6=9Hm6B;b]ﬃDB8)<l9)6[>HAwde9ﬃ&8|DB8)Oz<lf7o>@t:C9)<
∆ν
L.DL.DG>QJB9)6B>HAB9 h:DG;AB9Clo=9:8)<?>\DGLT9
AwdeZGh)Ca9)>_{IDG<?OQZI;uOgLT9*C)®C)<lt)Fb97JGLTZGh:DGL57;=<n9);=;c9pyxZI6B>@8:9}f)Fb9)<?<`>_OQ8:9}9:C)<ymbL|def|UV6BOzLiO`hV>@9p<^=9)>_FbZVAGI
;DGF}O`UV69:j%DGLTZI>@CpL|d DG;=<n9);=;c9ABZIOz<'>@f)|f)Fb9)<`<?>@9pL.D F 
)Fb9yo6BOTC:CVDG;c8:9UV6=9}8:9)LzLT9UV6gde9)LzLT9>@9\ZIOz<u
wZI>@CVUV6=9L|d DG;=<l9);=;c99:C)<k>@9)LiOQf:9m6B;c9>@f:C)OTC)<QDG;c8:9:jkDGLTZI>:CEL.D7o6[OTC:CVDG;c8:9E<`>\DG;RC)F}OTCa9p9:C)<ﬁfQJKDGLT9mHÙ
W = kTA
ÚQÛ[Ü.ÝKß
Z87ŁÔ
A
9:C)<L.D	<l9)F7o=f)>\DG<?6B>@9*Awd DG;=<l9);=;c9VuxD	<l9)F7o=f)>|DG<`6B>:9Awd DG;=<l9);=;c99:C)<gABZI;c8SL.D	<n9)F7o=f)>\DG<`6[>@9
Awd 6[;c9~CaZI6[>@8:9EAB9L.D<QDGOzLzLT97AG6HLTZGh)9EAB9XL|d DG;=<l9);=;c9EABZI;=<L|def)F}OTC:C)OQZI;AB98:ZI>o=CX;cZIOz>9:C)<kf|UV6[Oz{IDGLT9);=<1m
L|def)F}OTC:C)OQZI;AB9L.D	CaZI6[>@8:9>:f:9)LzLT9VuGAy;YABf^×%;=Oz<'fQJKDGLT9)Fb9);=<kL.D}<n9)F7o=f)>\DG<`6[>@9pAB97LTZGh)9~o>_OzFHDGOz>@9	ÃFHDGOz;
h)9|DGF <l9)F7o=f)>|DG<`6B>:9lÎHÙ
Tmb = TA
Feff
Beff
(W)
ÚQÛBÜÞÝPÝaß
UV6[Og9:C)<kL.D<n9)F7o=f)>\DG<`6[>@9*UV6%d DG6B>\DGOz<k6B;c9ECaZI6B>@8:9*UV6BOw>:9)F7oLiOz>\DGOz<LT9LTZGh)9%o>_OzFHDGOz>@9*AB9EL|d DG;=<l9);=;c9
9)<;cZI;ŁoRDIC
LT9:C
pi
C)<lf)>|DKAGO`DG;RC
AG64LTZGh)9YAB9L|d DG;=<l9);=;c9:j9\M[8)Li6RDG;=<ABZI;c8LT9:C
LTZGh)9:CCa9:8:ZI;AKDGOz>@9:CVu
:XZI6[>DG{GZIOz>	6B;c9DG;=<l9);=;c9AGOz>@9:8)<`Oz{G9:j'L|de9:C:Ca9);=<?OQ9)LAB9	L.Do6BOTC:CVDG;c8:9>@9\N6=9Ca9	<`>:ZI6B{G9}AKDG;RCLT9	LTZGh)9
o>_OzFHDGOz>:9:j'9)<XZI;ŁABf^×%;=Oz<%L|de9ﬃ&8|DB8)Oz<lf
ηmb
AG6LTZGh)9~o>)OzFHDGOz>@9yoRDG>pÙ
ηmb =
Ωmb
ΩA
=
Feff
Beff
ÚQÛ[Ü.Ý®ÛPß
DG{G9:8yÄ
eff
9)<Ó
eff
AB9:C]ﬃDB8)<n9)6B>@C7Awde9ﬃ&8|DB8)Oz<nf:jABflo=9);AKDG;=<^CXAB9:Cko>@Z:o>)OQf)<lf:CEAB9L|d DG;=<l9);=;c979)<1AB9
L.D LTZI;BJG6=9)6[>pAwdeZI;AB9VuØ5²<`Oz<?>@9OzLzLi6KC)<`>|DG<`O ]@jo=ZI6B>*6[;c9CaZI6B>@8:98:ZIF7oRDB8)<l9HÃÞo=ZI;c8)<?6=9)LzLT9lÎaj~ZI;
C=d DG<?<l9);A
ABZI;c8m
Fb9:C)6[>@9)>6B;c9}<l9)F7o=f)>\DG<?6B>@9 E ]NZIOTCEoLi6sCJG>|DG;AB9 9);ãv A*ÃK¾)ÎUV6%de9);äv A*ÃnG|:Î8|DG>o=ZI6[>
6[;c9HF 
)Fb9H<l9)F7o=f)>\DG<?6B>@9bAB9hV>)OzLzL.DG;c8:9:jSL.DHo6[OTC:CVDG;c8:9H>@9\N6=9}Ca9)>|DáFbZIOz;RC AGOzLi6=f:9bAKDG;RCHLT9 LTZGh)9 E
]NZIOTCyoLi6KCSo=9)<?Oz<~mKu PF}F UV6gd mPF}FHu
DÖ<l9)F7o=f)>\DG<?6B>@9C)aC)<nt)Fb9Ô
sys
o=9)>_Fb9)<}Awdef){IDGLi6=9)>L.Do=9)>z]NZI>_FHDG;c8:9YAG6ä>@f:8:9lo<n9)6B>Ł9)<<?OQ9);=<
8:ZIF7o<n9DG6sC:C)OkAB9:C	9^9)<zCpAB9L|d DG<`FbZaClo==t)>@9Vuﬁvde9:C)<g6B;c9Fb9:C)6B>@9pAB9*L.DbUV6DGLiOz<lfpAG6>@f:8:9lo<n9)6B>ﬃuD'LzLT9
o=9)>_Fb9)<AB9#ABf^×%;=Oz>
L.D,<n9)F7o=f)>\DG<`6[>@9LiOzF}Oz<l9AwdeZGh)Ca9)>){IDG<`OQZI;AB9áL|d DG;=<l9);=;c9VuX57Oz;RC)OL.D,Ca9);RC)O`hVOzLiOz<lf
ÃLiOzF}Oz<nf:9~oRDG>LT9:C%Ï'68)<`6RDG<?OQZI;RCLiOQf:9:C	mL|d Oz;RC)<?>_6BFb9);=<X9)<ymbL|d DG<?FbZaClo==t)>@9lÎ9:C)<yABf^×%;=OQ9	mpoRDG>_<?Oz>	AB9
L.D <l9)F7o=f)>|DG<`6B>:9*C)aC)<lt)Fb9SoRDG>pÙ
∆Ts =
2Tsys
ηc
√
δνδtint
ÚQÛ[Ü.Ý-<Kß
Z87
ηc
9:C)<EL|de9ﬃâ8|DB8)Oz<lfbAG648:ZI>_>@f)L.DG<n9)6B>@j
δν
9:C)<EL.Dá>:f:CaZILi6B<`OQZI;,Clo=9:8)<`>\DGLT9:j
δ
<
int
9:C)<7LT9 <l9)F7o=C
AwdeZGh)Ca9)>_{IDG<?OQZI;49)<ELT9]ﬃDB8)<n9)6B> 6B;]ﬃDB8)<n9)6B>bABflo=9);AKDG;=<AG6FbZVAB9bAwdeZGh)Ca9)>){IDG<`OQZI;&ÃÞo=ZI6B>oLi6KCAB9
ABf)<DGOzLWC:j{GZIOz>LT9FHDG;=6=9)L7Awd 6B<`OzLiOTCVDG<?OQZI;ÁAG6&<nf)LT9:Ca8:Z:o=9áAB9á[IF AB9YL|d :y57 ﬃu*9:C×JG6[>@9:CYBuÊ
9)<yBu ÌFbZI;=<?>@9);=<yLT98:ZIF7o=ZI>_<l9)Fb9);=<SAB9L.D<l9)F7o=f)>\DG<?6B>@9>@f:8:9lo<l9)6[>9);}]NZI;c8)<?OQZI;AB9	L.D]_>@f|UV6=9);c8:9
AwdeZGh)Ca9)>_{IDG<?OQZI;uRxD	{IDGLT9)6[>AB9XL.Dp<n9)F7o=f)>\DG<`6[>@9yC)aC)<nt)Fb9ABflo=9);ADGLTZI>@CAB9XL|def)LTf){IDG<`OQZI;AB9XL.DCaZI6B>@8:9
Ã\floRDGOTC:Ca9)6[>pAwd DG<`FbZaClo==t)>@9p<?>\DG{G9)>@Caf:9lÎ9)<SAG6]ﬃDB8)<l9)6[>	Awd B6[F}O`AGOz<lf	DG<`FbZaClo==f)>)O`UV6=9Vu Ay;bo=9)6B<~{GZIOz>
C)6[>*L.DHÄgO.JKuwBu=EáL.D <`>\DG;RCloRDG>@9);c8:9AB9L|d DG<`FbZaClo==t)>:9AKDG;RCL.Dh:DG;AB9>\DKAGOQZajØo=ZI6[>AB9)6Mb{IDGLT9)6[>@CAG6
	
 ﬁﬀﬂ ﬃ "!$#&%&')(*+",-+.
/0213465374986/ :; 	ﬀ=<
 =
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10
]ﬃDB8)<n9)6B>	Awd B6[F}O`AGOz<lf:jS9\Mﬃo>_OzFbf}9);ŁF}F oÑg{
ÃF}OzLzLiOzFbt)<`>@9So=9)>pÑﬁDG<l9)>p{ID)o=ZI>lÎGuyv'9)L.D8:ZI>_>@9:Clo=ZI;Am
L|defloRDGOTC:Ca9)6[>Awde9|DG6H<`>|DG{G9)>@Caf:9SC)6B>XL.D	LiO.JG;c97AB9{aOTCaf:97AG6 <lf)LT9:Ca8:Z:o=9yC)Ok8:9)LzLT9)|8)Of)<QDGOz<kmL|def)<QDG<LiO`UV6BO`AB9Vu
Ô:oO`UV69)Fb9);=<ELT9:CfloRDGOTC:Ca9)6B>@CCaZI;=<AB9L|deZI>\AG>@9AB9PF}F 9);$BOz{G9)>9)<'o=9)6B{G9);=<*FbZI;=<n9)>r_6sCVUV6gd m
ÍŁmŁÌPF}F 9);âf)<nf C)6[>LT9 C)Oz<n9AB9%:'OQ8:Z 9)LT9)<QDKu Ay;#o=9)6[<*{GZIOz>
fQJKDGLT9)Fb9);=<EC)6[>
8:9)<?<l9*×JG6B>:9LT9:C
]_>@f|UV69);c8:9:C7Oz;=<n9)>\AGOz<l9:C:jg;cZI<QDGF}Fb9);=<gL.D >\DGOQ9pAwdef)F}OTC:C)OQZI;ﬃ
2
AÁmbPÌ[ I XqauwxDbUV6RDGLiOz<lfAG6bC)O.JG;DGL
ABflo=9);AfQJKDGLT9)Fb9);=<'AG6
{G9);=<^j'UV6BO~9:C)<ﬁ6[;]ﬃDB8)<l9)6[>yo>_Oz;c8)OWoRDGLAB9L.DABfQJG>\DKAKDG<`OQZI;AB9:C	ABZI;=;cf:9:CVu

-/.Å_ 
È;t[npkPiFnptvgkP{jgCyHg «ªnp}ueivHP³tvg|yPnpkPi^zg yHuxRnpwdkPgt[nxywzuHb4ÉKkÌPlPgkP{jgCylËr«nx{}vglHt
y/ª lH^wzywd}v¬
96[>\DG;=<%LT9:C*
8|DGF7oRDaJG;c9:CAwdeZGh)Ca9)>_{IDG<`OQZI;RC8:ZI;AG6BOz<n9:CpDG6[IF	j%DG6GM FbZIOTCpAB9B6BOzLzLT9)<y9)<k57Z [<
RKGIjSLT9:CH<l9)F7o=f)>\DG<?6B>@9:CC)®C)<lt)Fb9ZGhV<l9);=69:Cf)<QDGOQ9);=<EAB9HL|deZI>\AG>:9HAB9Ô
sys ∼
KÒB
 
9);ÖFbZIK9);=;c9
9);v A*ÃnG|:Î
9)<Ô
sys ∼
[K
 
9);4v A*ÃK¾)Î8:ZIF}Fb9LT9FbZI;=<`>@9	L.D×JG6B>:9	BuzÒKu9:C~Ï'68)<`6RDG<?OQZI;RC
0 10 20 30
Echantillon observe en CO(1−0)
100
200
Te
m
pe
ra
tu
re
 s
ys
te
m
e
0 10 20
Echantillon observe en CO(2−1)
200
400
600
800
Te
m
pe
ra
tu
re
 s
ys
te
m
e

-/.zÆ 
ÈAg^9¬t[np}lHtvgÁii}v³g ab·p^  ¿omnplP{vPg("~g} ceb¸p^  ytvuxwd}vg(")ÒuxlHt«ª­gk
i[g§HzgyHgji'i[uxlHtv{jgji'ux§Pivgt ﬂq¬jgji)nﬃﬂqgj{zg©}v¬zgjiv{juxÒgyHg¸epyHg«ª­ÉKÇ)¦ﬂb
C)<DG;AKDG>\ADG<`<n9)Oz;=<l9:CLTZI>@C}AB9:CAB9)6MY8|DGF7oRDaJG;c9:CAwdeZGh)Ca9)>_{IDG<?OQZI;RC*CaZI;=<yDIC:Ca9|q}h:DIC:Ca9:CVuww9:C;=Oz{G9|DG6M
AB9áhV>)6BOz<HDG<`<n9)Oz;=<zCYCaZI;=<hVOQ9);È9);=¾AB9:C:CaZI6KC#AB9#8:9UV69 o=9)>_Fb9)<?<QDGOz<LT9Y<nf)LT9:Ca8:Z:o=9áAB9á[IF OzLD
 0
	

 
"

ﬀ

 ,

ﬂ  "
&(
$$
&9
,-ﬀ

" 

,

$

"

ﬂ>
 #	=>& #
$¾- ﬂ)
 

 	
 	


ÚNß ﬀ
rec
ﬁ
Ý   ﬃﬂ:ÝPÝ BÜ +ﬂ ﬁ ! 
"
Ý   ﬃﬂ:ÝPÝ BÜ ﬁ ﬂ	 ! 
ﬁ
ÛH<  Û+ ﬂ¾Û    ﬃﬂ:Ý ;! 
"
ÛH<  Û+ ﬂ¾Û    ﬃﬂ:Ý ﬁ ! 
#%$'&

-/.V0  tvuxHtwz¬}v¬ji~yHgjihtv¬j{jgH}vglHtvi©lH}wddwziv¬jihÒuxlHt)«ª­ux§Pi[gt ﬂxnp}wzuxk yHgjiht[npwzgji©y/ª­¬^wziviwzuxk yl
uxkPuY°WyHgŁyHg {Ynpt§ÒuxkPgeb=²n¨}vg^9¬t[np}lHtvgŁyHg4tv¬j{jgH}vglHt	gji}AlHkPg4gjilHtvg¡yl´§HtlHwd}AwdkPi}tlHgkm}[np
 VuxH}wzlPgﬁﬀHtv¬j{jgH}vglHtYbdbdb " ﬀFRnpwzi'kPg©}wzgkm})Fnxi'{jux^H}vgyHg~¯n]{juxk}twd§HlH}wzuxkyHg«ªnp}ueiHP³tvgeb
9);={aOz>@ZI;ÆAGO MDG;RCbÃ\8^]x9:8)<`OQZI;ÆKuTBu ﬃÎGu1ÇpZI6KCHDG{GZI;RCABfQJG>\DKABfL.D>@f:CaZILi6[<`OQZI;#Clo=9:8)<`>\DGLT9mÒKÒ%5IFB2=C
ÃRXq¾ÎajS8:9UV6BOØo=9)>_Fb9)<~AwdeZGhV<n9);=Oz>6B;c9pLiOzF}Oz<l9yo=ZI6[>LT9hV>_6BOz<yAB9
∆
Ô
s à
GF
 
9);áFbZIOz;RCAB9p
=9)6[>@9:CyoRDG>CaZI6B>@8:9Vu
w9 Ca8:=f)FHDÄ%O.JKuXBu`ÍŁABZI;=;c9b6[;c9>:9lo>@f:Ca9);=<QDG<?OQZI;äAG6ã8:=9)F}Oz;C)6BOz{aOﬁoRDG>LT9 C)O.JG;DGL8:ZILzLT9:8)<lf
oRDG>L|d DG;=<l9);=;c9:jr_6KCVUV6%d DG6MABf)<l9:8)<n9)6B>@CVu~v'9:C*>@f:8:9lo<l9)6[>@C6B<`OzLiOTCa9);=<gLT9yo>_Oz;c8)OWo=9pAwd =f)<lf)>:ZVAGI;c9ﬁo=ZI6[>
L.DABf)<l9:8)<?OQZI;#AG6C)O.JG;DGL.u9*C)O.JG;DGLxDIC)<?>@ZI;cZIF}O`UV6=9AB9RDG6B<n9%]_>@f|UV6=9);c8:9	9:C)<~ABfloL.DB8:fpmpoLi6KCh:DIC:Ca9
]_>@f|UV69);c8:9 Ã^@ÄÙkOz;=<n9)>_Fb9|AGO`DG<l9%]_>:9|UV6=9);c8):ÎpoRDG>Fbf)L.DG;BJB9	DG{G9:8p6B;$ZaCa8)OzLzL.DG<l9)6B>pLTZa8|DGL.u#9	9)6GM>@f:8:9)
o=9)<n9)6B>@CZI;=<ﬁf)<lf6B<?OzLiOTCaf:CXC)OzF}6BLi<DG;cf)Fb9);=<kAKDG;RC*8:RDB8)6[;c9AB9:CELTZI;BJG6=9)6[>@CAwdeZI;AB9:C:jw{GZIOz>HÔ=DKhaucBuzKu
9yC)O.JG;DGL9:C)<k9);RC)6BOz<n9EDG;DGLiaCafkoRDG>AB9:C×%Li<`>@9:CVuÇpZI6sCEDG{GZI;RC78:=ZIOTC)OAB9:C×%Li<`>@9:CEABZI;=<L.D>@f:CaZILi6[<`OQZI;
Clo=9:8)<?>\DGLT9f)<QDGOz<*AB9
Xq9)< EÆSq)j8:ZI6[{a>\DG;=<76B;c9HL.DG>?JB9)6[>H<lZI<DGLT9bAB9ÒKGYXq9)<*I Sqm
PF}F 9)<Ku PF}FÈ>@9:Clo=9:8)<`Oz{G9)Fb9);=<u D';<l9)>)Fb9~AB9'{aOz<l9:C:Ca9:j8:9)L.Dp8:ZI>_>:9:Clo=ZI;A*m76B;c9'L.DG>?JB9)6[>~AB9~h:DG;AB9
8:ZIF7o>_OTCa99);=<?>@9 ¾ÒBK 5IFB2=Cm
4
ÒBK 5IFB2=C9);Ðv A*ÃnG|:Î8:ZIF}Fb99);v A*ÃK¾)ÎGuﬁxDŁAGOTClo=9)>@C)OQZI;
AB9{aOz<n9:C:Ca9:C	AB9:C;=6RDaJB9:C}AG6JKDaq~]_>:ZIO`AAKDG;RCpLT9F}OzLiOQ9)6YOz;=<`>\DG¾DGFHDICp;cdef)<DG;=<woRDIC}8:ZI;=;=69:j'OzLkf)<DGOz<
Oz;=<nf)>@9:C:CVDG;=<ﬁAB98:ZI6[{a>_Oz>*LT9*F 
)Fb9Oz;=<n9)>_{IDGLzLT9AB9*{aOz<l9:C:Ca9:CpAKDG;RC*LT9:CAB9)6GMHLTZI;BJG69)6B>@CAwdeZI;AB9ﬁo=ZI6[>
o=ZI6[{GZIOz>LT9:Cb8:ZIF7oRDG>@9)>ﬃuw9C)O.JG;DGLkDG<`<l9);AG6Æf)<DG;=<S<`>@t:CS]ﬃDGO`hVLT9ÃnUV6=9)L.UV6=9:CF
 
Î
9)<XL.DL.DG>?JB9)6B>AB9:C
>\DGOQ9:CEo=ZI6B{IDG;=<
)<?>@9JG>\DG;AB9Ã)(ÒBK-5IFB2=ClÎajyL.DABf)<n9:8)<`OQZI;,AKDG;RC	LT9:CHAB9)6Máh:DG;AB9:CpC)OzF}6BLi<DG;cf)Fb9);=<
AB9){aOQ9);=<^j~ZI;áLT9}8:ZIF7o>@9);AH6B;c9}8:ZI;AGOz<?OQZI;áOzF7o=ZI>_<QDG;=<n9~o=ZI6[>DIC:C)6B>:9)>*6B;c9	ABf)<l9:8)<?OQZI;u
w9:C	L.DG>?JB9)6[>@CmF}OzQRDG6B<n9)6B>}AG6LTZGh)9}Awd DG;=<l9);=;c9Ã\f|UV6BOz{IDGLT9);=<XmL.D*]NZI;c8)<`OQZI;ÖAwdef)<QDGLT9)Fb9);=<SAG6
o=ZIOz;=< Î
mBu`ÍIF}F 9)<7Ku PF}F CaZI;=<X>:9:Clo=9:8)<`Oz{G9)Fb9);=<EAB9K+*9)<K*^u7v'9)L.D8:ZI>)>@9:Clo=ZI;ADG6GM#BÍá9)<
Ì%5:o=8}8:9);=<?>\DG6MAB9:CDGFHDIC	AB9JKDGL.DNMPOQ9:C}ZGh)Ca9)>_{Gf:C:j~ABZI;=<~L.DAGOTC)<QDG;c8:9FbZIs9);=;c9}9:C)<yAB9}KÒBHo=8Vu
vde9:C)<SABZI;c8L.D	oRDG>)<`OQ9	L.DoLi6KC 8:9);=<`>\DGLT9:jyhVOQ9);ÆmL|d Oz;=<lf)>)OQ9)6B>}AG6Y>|DGKZI;ÆAB9	>@9^]NZIO`AGOTC:Ca9)Fb9);=<zjyUV6[O~D
f)<nf	ZGh)Ca9)>){Gf:9Vu
pdeZGh)Ca9)>_{IDKhVOzLiOz<lfAB9:C7CaZI6[>@8:9:CpDG{G9:8LT9<lf)LT9:Ca8:Z:o=9pAB9[IF 9:C)<%OzLzLi6sC)<`>@fÄ%O.JKuwBuzÉIjkL|def)LTf){IDG<?OQZI;áAB9
8:RDKUV69HZGh?rN9)<Ef)<QDG;=<S<nZI6_rNZI6B>:CC)6®o=f)>_OQ9)6B>@9Hm Ec
◦
jE8:ZI;AGOz<`OQZI;OzF7o=ZI>_<QDG;=<n9o=ZI6B>L|deZGh)Ca9)>_{IDG<?OQZI;ÆAB9
CaZI6[>@8:9:Cg]ﬃDGO`hVLT9:C:jg<n9)LwUV6=98:9)L.D
9:C)<~DG<?<l9);AG6u
¶  
Q¶ 
*	, » 	,B¸ ([¹s(+, » ¿A*	&)(+,
:9);AKDG;=<ﬁL|def)<lf	RKGIj~AKDG;RC	AB9	h)ZI;=;c9:C}8:ZI;AGOz<`OQZI;RCpFbf)<lf:ZI>:ZILTZ|JGO`UV6=9:C:j%6B;#<nZI<QDGLAB9}ÍKH=9)6B>@9:C
AwdeZGh)Ca9)>_{IDG<?OQZI;RC*9);v A*ÃnG|:Î9)<'9);Æv A*ÃK¾)Î}ZI;=<co=9)>_F}OTCEL.DHABf)<n9:8)<`OQZI;AB9XJKDaq*FbZILTf:8)6[L.DGOz>@9w]_>@ZIO`A
DG6
8:9);=<`>@9AB9ÍI¾BDGFHDIC7AB9yJKDGL.DNMPOQ9:Cp8:ZI;=;=6KC%o=ZI6[>7DKhV>_Oz<n9)>E6[;á8:ZI6B>\DG;=<%AB9E>:9^]_>@ZIO`AGOTC:Ca9)Fb9);=<Qukv'9
>@f:C)6[Li<QDG<	9:C)<	9);ãDB8:8:ZI>\AŁDG{G9:8LT9:Cb>@f:8:9);=<n9:CABf)<l9:8)<?OQZI;RCD ﬃ>)Fbf:9:CpoRDG> DyAaJB9áÃRKG)ÎGuv'9)>_<QDGOz;c9:C
AB98:9:C CaZI6B>@8:9:CDG6B>\DGOQ9);=<'o6 
)<`>:9ABf)<n9:8)<lf:9:C OzL~#DLTZI;BJG<l9)F7o=C:j7FHDGOTC8:9:CAB9)>_;=OQt)>:9:C ;cd DG{IDGOQ9);=<
oRDICÖ9);c8:ZI>@9Öf)<lfÖZGh)Ca9)>_{Gf:9:CAKDG;RC#LT9ABZIFHDGOz;c9áF}OzLzLiOzFbf)<?>_O`UV6=9Vu :XZI6[>#L.D#oLi6aoRDG>_<Awde9);=<`>@9Ö9)LzLT9:C
 > 
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10

-/.dÑ 

{[P¬RnyHg~¯n]{Ynp§HwdkPgyHgji'tv¬j{jgH}vglHtvi¨yl|}v¬zgjiv{jux9g~yHg´¸epyHg©«ª­ÉKÇ)¦ﬂb
 0
	

 
"

ﬀ

 ,

ﬂ  "
&(
$$
&9
,-ﬀ

" 

,

$

"

ﬂ>
 #	=>& #
$¾- ﬂ)
  	

-Ò.1Ù 
ÈAg^9¬t[np}lHtvg¤ii}v³g~gk rVuxkP{}wzuxkTyHg~¯n´r1tv¬jlPgkP{jg~ÒuxlHt'zg©tv¬j{jgH}vglHt)¦¤cYe

-Ò.zÂ 
ÈAg^9¬t[np}lHtvg¤ii}v³g~gk rVuxkP{}wzuxkTyHg~¯n´r1tv¬jlPgkP{jg~ÒuxlHt'zg©tv¬j{jgH}vglHt)¦©ae¸e
  
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10

-Ò.   
¬twzuWyHg'y/ª­ux§Pivgt ﬂenp§Hwddwd}v¬'yHgji	ivuxlHtv{jgji4nﬃﬂqgj{szgŁ}v¬zgjiv{juxÒgsyHgÏ¸epyHgÏ«ª­É Ç¨¦ ÎylHt[npk}
zgjiyHgl° {Ynp^FnpoekPgji¤y/ª­ux§Pivgt ﬂenp}wzuxkPiYb;²;gjikPux§Htvgji´zg]zuxkHoTyHgji~dwdoekPgji´ivuxlPi{[FnxmlPgÁivuxlHtv{jg
tvgHtv¬ji[gkm}vgkm})zglHt¨yHgoetv¬y/ª­¬z¬&ﬂenp}wzuxk;b
 0
 


"

$),-*,ﬃ"

,
#
"
 
""

ﬂ  
   
8:9lo=9);AKDG;=<^j~L.DCa9);RC)O`hVOzLiOz<lfHDB8)<`6=9)LzLT9HAB9:CHDG;=<l9);=;c9:C}>\DKAGOQZD}o=9)>_F}OTCHAwdeZI6B{a>_Oz>6[;c9;cZI6[{G9)LzLT9{GZIOQ9
AKDG;RCHL.D8:ZI;=;DGOTC:CVDG;c8:9bAB9bL.D8:ZIF7o=ZaC)Oz<`OQZI;AG648:Za9)6B>AB9:CDGFHDICAB9JKDGL.DNMPOQ9:C:j7mL|d =9)6B>@9Z87ÖLT9:C
ABZI;=;cf:9:CAG6CVDG<l9)LzLiOz<n9 C*
 >:9)Fb9)<`<l9);=<S9);UV69:C)<`OQZI;YL.Do>@f:Ca9);c8:9F 
)Fb9AB9EJKDaq  ]_>@ZIO`A*EAKDG;RCL.D
h:DG;AB9 Cu
H 
 4X¢¥±_´w´w¢ ¦y´ §£V¢6y¥¢¢£ﬃ¯°
¶  ﬂ 	

#

¢#%$ n½ Â$ v*¿c¸ ¾¹g»
ﬃ
¹',Ð¼[& ¿D$~$ n¼[&
ﬃ
$ ¿ n¸¤,H(9*x»9,$%º
ﬃ
¹ n¹X¼v*	, 
   
	

 ﬁﬀ	ﬁﬂﬃ !#"$%"&'(ﬂ)"
*!+%",#-./"10
 
	 ﬀﬁﬃﬂ
! #"%$'&(*)+,#-.!$/0-
1 243')+%35ﬁ763'&89#:!9<;;=
>@?BAC'D
1E(*FGF63H(*"%35&%+%35IJ64KMLﬂ
INFﬂ+3'&O
PRQTS'UWVXQTSYZM[\S]^R_\]`ba
cdZeQTQTS'a
cf_hgiQﬃj ZNS[J`,klYm^n`oQJpq_\]\S]rﬃa'Yﬃ`
sutwvyx4z*{|}
~4
x\Ht{0|ﬃ
~


Ł4%'' Ey' 0w7! E,4¡<E¢£ !%'' %¤¥¦§¨'©< ªHy'«!¥<'¬4­
Ł­% ﬃ®4¯­­%°4
±³²´µ%¶·
¸'µ¹Łº¼»47¾½<¢ '¿BmÀŁÁ¢  ¬4ﬃ¾½<Âm ¬Ã­%¬¾%'¢­¢ ½4%NÄ'¢«Å«NÆ¼ @»T­
'¢  ¬!ÄmÇ!5ÆŁ'%7°%¬¡,À³'¢«
È
'¢«­½<¢ 'eÄE ­Æ¼ @»¾»4eÉ,qÊ©
È
%¢«­'°#@»'½!Ä'»\ÀË %¦¾©
ÌE'¬4ÀŁË@Í¦ 'ÌE
È
 ¾«'¬m¢  ¬! ¬m'¦ ©

È
'¬!ÄuÊ
ÍŁÄ'¢«Å ¡
º¼»4³­'%¾°#'¬!
 ¬4ÄBÄ
È
¯y'w#¾Æ¼%¬BÊ¡« ©Î³'¬!ª¡  ©ÏÐ³ﬃÑ¡º¼»4y%¾½¢«'% ¬BÄ'
È
%¬
Æ¼ @»H­¬<ÀÒ­¾«'¬4¼ÂB<ÄHË¾Í'©© 'Ì¡
Ò@'¬!Ä­'%¢ @ '¬7@Æ³¬7¾»4EÀŁ\
È
«¾«'¬M'¬4@»4,Ó,ÔÕ¢ ½
È
 ¬4@ @Â
«³'¢«B­'¬Ö<
È
#¡À¼'¢ eÄ³Å«¼ ¬7¾»!u­%¬%'¿y­
'¢  ¬!ÄBÇ4'Æ×­¢ ½4%Ł'¬4e¾»4,­¾«'¬4
È
'Â ¬°7
'¬7«%¬4­B'¿y@»4,¢ '¬!Ä'%­»!7%ÂH­'¢«%¾«
½4'¢'¿@»4,»4Ł­'¢  ¬4Ä7Ä¡
Ø,ÙÚÜÛEÝ#Þ¾ßàá¼âHﬂ
Fﬂã4(*3'"¤:nä,FG "%+3'&%"¤:Łä,-4-<F*(*#å7/-
1E"¤:wæﬃ-F*3'$' Fçﬂ&
å4ﬂ"
èéê@ëì
íî³ï³ðyñ<ì'ò î³ë
2!+ I(*35"×-
óMôEõ&ﬂKö3'ﬁM(G"%"%(*--
óML-+m(*!+&ﬂõ$'F* "+%3'&\ﬁM3'I(G ﬁ
>C
äEæO\Lﬂ÷<3i)0-<(*4+%3'Iø-< #+×+L3L(*åLùI3'"(*+Kù-
ó+%L(*"Tå4ﬂ"
(*ú+L3ö$'3'!+&ﬂ
Fm&%3'å(*-"i-
ó×ﬁûﬂ4Kü$5F* "%+3'&%"¤.fýlL3öI3'&(*÷<3'I
+%(GﬁM3'"%$ﬂ
F*3'"mó¾-<&\&ﬂ
I(çﬂ+(*÷<3T$'-!-F*(*åö(*Á+%L#3i$'3'4+%3'&þ(G"×ﬁÕ $L
"%ﬁûﬂF*F*35&+%Lﬂ
m+%L#3eß 6#6F*3+%(*ﬁN3: ﬂ
Im+L3
C
äEæ (*")&%35I(*$'+%35I
+%-ù$'-I3'#"%3Áﬂ
I /0-1 +%-
1Eﬂ
&%I#"þ+%L#3$'F* "+%3'&þ$53'!+3'&
>
"3'3

ﬂ
6(ﬂ
m8 ó¾-& ﬂú&%35÷!(*3'1O5.ÜýEL#3 ôEõ&ﬂK "%)3'$'+&ﬂ "%L#-1
3'÷4(*I3'$53ü-
óm$'-!-F*3'&þå4ﬂ
"þ(* +L3$'3'4+%3'&¤:û+L&-< #å<L $53'!+&ﬂ
F
I&-<)#"Ò-
óﬃ+%35ﬁM)3'&ﬂ+ &%3., +T+%L#3Òóﬂ+3þ-
óﬃ+L3i$'-4-<F*3'Iùå4ﬂ"
"%+(*F*F&%3'ﬁûﬂ(*#", #$'3'&%+ﬂ(G.ýEL3HI &ﬂ
+%(*-ﬃ-ó³+L3H$'-!-F*(*å/-
1E"
(*"þ+L- åL!+þ+- 603üﬂÁ"%(*å(
	0$ﬂ4+Òó¾&ﬂ$'+(*-R-ó\+L3ö$'F* "+%3'&
F*(«ó¾3õ+%(*ﬁN3:¯"(*$'3$'-4-F*(*å/-
1E"uﬂ&34 (*+%3uó@&34 3'!+u(*7$'F* #"%+3'&%"¤.

"%+%(*ﬁûﬂ+3'IÒ$'-4-F*(*å&ﬂ
+3'"M-
ó+%L3û-<&I3'&7-
óÕ8;<;mæK4&7ﬂ
I
 )i+-i8;;<;mæK4&7(*ﬁM)#F*(*3'I\+%Lﬂ
+M3'#-<&ﬁM- "! ﬂ
!+(*+%(G3'"7-
ó
ﬁﬃﬂ
+%3'&(ﬂ
FE"%L#-< #F*IþLﬂ÷3ﬂ$'$5 ﬁ7 #Fﬂ+3'I
>
8¯;7+-8;ﬃæü(*
ﬂó¾&ﬂ
$'+%(*-Ò-
óHﬂß 66#F*3ﬃ+%(*ﬁN3O'., +Õ-m&%3'" F*+(*å\$'-<F*ITå4ﬂ"
Lﬂ
"E63'35JI#3'+%3'$5+%3'I\(*MﬁM-F*3'$' #Fﬂ&³ó¾-<&ﬁR 4+%(*Fy&3'$'3'4+%F*K4.æﬂ
!K
3ﬀy-&%+"mLﬂ÷<36353'ü3'ã4)3'I#3'Iö+%-þI#3'+%3'$5+Ü+L(*"ﬃå4ﬂ
"ﬃ(*i3'ﬁM(*"õ
"%(G-<b-&qﬂ6#"%-&%)+(*-:þ3'(*+%L#3'&q(*bß
C >
u &%#"3'+Bﬂ
F.8ﬁﬃﬂ#8
 
ﬂF*3'4+%( !#"üâB(*-
÷ﬂ#3'F*F*(8ﬂ9 2!L-"%+ﬂ$M3'+Bﬂ
F.8ﬁﬃﬂ=
æﬃ$%Bﬂ
ﬁﬃﬂ
&ﬂH3'+ﬂ
F.y8ﬁﬃ;
?
1lﬂ&ﬂ&$ﬂ
ﬂ
+%LÕ3'+BﬂF.08ﬁﬃﬃ'<O -<&
(* +L3 ä
A
ﬁM-F*3'$' #F*3:Ò"%3'3 âB&ﬂ
63'F*"$!K("*)F*ﬁM35&
>
8ﬃ<;O+
æﬃ$%Bﬂ
ﬁﬃﬂ
&ﬂH3'+ﬂ
F.
>
84O ,4+%-! #$'$'(3'+ﬂ
F.
>
8ﬃ&4O+
,&ﬂ(G3"
?
 )#&ﬂ-
>
84O
A. ?
3ﬂ3'+ﬂ
F.
>
84O. ýEL#3
(*4+%&ﬂ
$'F* #"%+%35&ﬁM3'I(* #ﬁ (*"E35&%(*$L3'I(*ﬃL#3ﬂ¯÷4KM3'F*35ﬁM3'!+",1E(*+Lﬂ
ﬁM3'+ﬂFGF*(*$'(*+KN-óu )m+%-û;. =Õ"%-Fﬂ&ﬁûﬂ&$4(*åÕ)-<""%(*6#F*3e+L3Hó¾-<&ﬁﬃﬂõ
+%(G-<ﬃ-
óuä
A
ﬁM-F*3'$' #F*3'".!ýlL3/	&%"+I3'+3'$'+%(G-<m-
óŁä
A
3'ﬁM(G"%"%(*-
Lﬂ
"\63'3' ﬁûﬂI#3×(*103'&%"3' "2, 64K43ﬂ-ﬂ
&%3ﬀ\3'+ﬂ
F.
>
8ﬃﬂO:
57689 :<;>=@?BAC8D ?E6FGﬃ6HDCH DI:J y» ¢  °° K'¢ 
ÈL

Ë*°<» ¢  °°¡ '¢*
È
Mu'!¾°
È
¡ ¿GÌ
6 #+Ü+L3\$'-&%&%35"%)-I(Gåöß

(*"-+"%+&%-åF*K(*I35!+%( 	3'IÁﬂ"
$'-ﬁM(*åó¾&-<ﬁù+%L#3$'-!-F*(*åB/-
1þ&ﬂ
+%L3'&l+%Lﬂ
7ó¾&-<ﬁù+%L#3å!ﬂ
Fﬂ
ã!K
(*+"%3'F«ó.NE3'$'3'4+%F*K4:

Iå3
>
9;<;#8O&%3')-&%+3'Iþ+-Lﬂ÷<3ó¾-< #I\ä
A
F*(*#3Ò3'ﬁM(*""%(*-ö(*ö+%L3Ã$'3'!+&ﬂ
FMå4ﬂ
Fﬂã4K-óN"%(*ã4+%3'3'ù3'ã!+&%3'ﬁN3
$'-4-<F*(*#åü/0-1b$'F* #"%+3'&%"¤.J24+ﬂ
&%6 #&%"+%"ö+%L0ﬂ+iﬁûﬂ¯K ﬂ)#)3ﬂ
&ﬂ"
ﬂÁ$'-<#"%34 3'$53ü-
óm+%L#3 å4ﬂ
"Ò$'-I35"ﬂ
+%(*- ﬁÕ "%+T)&-!I #$'3
ﬂÒF*-+M-
óÕK<- åÃﬂ
IL-+ﬃ"%+ﬂ&"., #++%L3m-6"%35&%÷3'Iö"%+%35F*Fﬂ&
F* ﬁN(*-"%(*+(*3'"ﬂ
&%3þ#-<+m6&(*åL!+m3'- åL +-öﬂ$'$5-< #!+mó¾-<&m+%L#3
L(*åLÁﬁﬃﬂ
"%"mI3')-"(*+%(*- &ﬂ+3'"Ò-
ó$'-4-<F*(*#åþ/-
1E"¤.,F*+%L#-< #å<L
ä,L0ﬂ#I&ﬂﬂ
IﬃôBææMõ<%3'1E+%-ﬃ-6"%35&%÷ﬂ+(*-",F*3¤ﬂIM+-7&3'I $53'I
&ﬂ+3'":+%L3\$'-F*IﬁM-F*3'$' Fﬂ
&Må4ﬂ
"ﬃﬁﬃﬂ
"%"%35"ﬃ-<6#"%3'&÷<3'Iö(*"-<ﬁN3
$'F* #"%+%35&$'-<&3'"&%3'ﬁûﬂ(* ﬂÒ"%ﬁûﬂF*F,ó¾&ﬂ$5+%(*-i-ó+L3\å!ﬂ
"M$'-4-<F*35I
ﬂ
F*-<#åÒ+L3m/-
1H.,ýEL3
C
äEæ (*"û)&%-6ﬂ
6F*KiﬁÕ F*+(«õ)Lﬂ
"%3
>
3. å0.

3'&Fﬂ
Iﬃ3'+ﬂ
F.y8O'.O,q"%(*å(
	0$ﬂ4+7ó¾&ﬂ$'+(*-< -óHå4ﬂ"ﬃﬁN(*å<L4+
63 "-q$'-<FGI
>
0ó¾3'#(*å<35&P"üäu-<ﬁÕ63'"B8ﬃ&4O +Lﬂ
+ü(G+ü$'- F*I
$'-&%&3'"%)-Iq+-R+%L#3öL(*åL $'-$'3'4+%&ﬂ
+(*-<ú-
ó\Iﬂ
&B$Rﬁûﬂ++%3'&
(*ö$'F* "+%3'&"\I3'I #$'3'I ó¾&-<ﬁbôEõ&ﬂ¯KI0ﬂ+ﬂiﬂ
Iöå<&ﬂ÷!(*+ﬂ+(*-<0ﬂF
ﬂ
&%$'"
>@?
 &&%3'+3'+ ﬂF.8ﬃ&7RQ\ ("ößBﬂﬁNﬁM3'&8ﬁﬃ=O5.SNE3'$'3'4+%F*K
3y(*3' ﬃ3'+ﬂF.
>
8ﬁﬃﬃT:*8ﬃO: ﬂ#I æﬃ(*++ﬂ-B3'+ﬂ
F.
>
8ﬃﬂOiLﬂ÷3
I35+%3'$'+3'IiFﬂ
&%å3U! 0ﬂ4+%(*+(*3'"H-óå!ﬂ
"7ﬂ
+H(*!+3'&%ﬁN3'I(ﬂ
+%3M+3'ﬁM)3'&õ
ﬂ
+% &3ﬃ-
óV'XW08¯;ﬃY[Zú(*\'$'F* #"%+3'&%"M1l(*+%LÒ+L3

)
 /
"ﬂ+3'F*F*(*+3
>

ã4+%&%35ﬁM3])F*+&ﬂ÷4(*-<F*35+

ã4)F*-&%3'&O'.2!(*$53 +L(*"B)L0ﬂ"3e(*"P4 (*+3
+&ﬂ
"%(*35!+:E+L3mﬁﬃﬂ
"%"7/0-1ú(*ﬁN)F*(*3'IT1,- F*Ii63mﬁÕ $LþFçﬂ&å<3'&
+Lﬂû+%Lﬂ
+-
óŁ+L3H$'-!-F*(*#å /-
1(*+"%3'F«ó.
A
+%L#3'&)&-!$'3'""%3'"Hﬁ7 #"%+
63mﬂ
+71u-<&$y:¼" $Lﬂ
"ÕL3ﬂ
+%(*å\64KÒ"%L#-!$$4":Ł-&7ﬁN(*ã!(*#åFﬂ¯K3'&
ﬁM3'$Lﬂ
(*"ﬁM"Òﬂ
+þ+L3(*4+%3'&óﬂ
$'363'+1,353' ﬂ $'-F*Iúﬂ
IRL#-<+
)L0ﬂ"3
>
,-ﬂ
ﬁM3'4+%3B3'+ﬂ
F.9;<;#8'O'.[,F*"%-N+%L3I3'+3'$'+%(G-<\-óu+%L#3
3¤ﬂ&õ(*4ó¾&ﬂ
&%3'I^! 0ﬂI#&% )-Fﬂ
&m3'ﬁM(*"%"(*-üF*(*#3Òß

>
85õ;O%2
>
8OJ(*
$'3'4+%&ﬂF$'F* #"%+3'&å!ﬂ
Fﬂ
ã!(*3'"1E(*+LM$'-!-F*(*#å/0-1l"
>
ﬂ
IM+L3'(*&l-!õ
I35+%3'$'+(*-<Õ(*e"(*ﬁM(*Fﬂ
&y$'-!+&%-Få4ﬂFﬂ
ã4(*3'"¼1l(*+%L- +³$'-4-<F*(*#åE/-
1E"¤:
3. å0.

ﬂ
F*$$33'+ﬂ
F.y8ﬁﬃﬃﬂOE" ))0-<&++%L#3 )#&%3'"3'$'3Õ-óﬁM-F*3'$' Fﬂ
&
å4ﬂ"lﬂ+u+%3'ﬁN)3'&ﬂ
+% #&%3H-ó³9;;<;Z
>`_
ﬂﬀy3]"*,&3'ﬁM3'&8ﬁﬃa4:

Iå3
3'+Bﬂ
F.!9;<;9#:Qi(*F*ﬁﬃﬂ
e35+ﬂF.9;;<9
O5.
C
Ò+L(*"7)0ﬂ)35&:¼1u3ﬃ)&%35"%3'4+M-< #&e"3ﬂ
&%$LTó@-&Õä
A
F*(*3'"(*þ=9
å4ﬂFﬂ
ã4(*3'",(*ﬃ+L3H$'3'!+3'&B-
ó¼$5F* "%+3'&%"¤:n$ﬂ
&&%(*3'I- +E(*
_
 #37ﬂ
I
 0
 


"

$),-*,ﬃ"

,
#
"
 
""

ﬂ  
 
   
	





ﬁﬀﬂ
ﬃ! "

"$#
%& '
#(
)*+
 
,.-0/$-01%243$5$506!798:2;<2;>=@?%A,CBED$5FG2%=H:=1IKJMLN=$OQP!=R;NSTM=
UVJ$-0W0XRYZIH:=S\[X>=2=IK28:J$W01]S\W0X_^
;08:W`21QJ\U.abcH:8:W>=1O&?(W_2;>=
W0=d`2]1%=I28:J$We7f=
X>=1I[%8:gN=h2;>=
8:W012%[->F]=Wi2SH9IJMW>X08:2%8:JMW>1ﬁJ\U
J$-0[fJ$g01%=[T$S\28:J$W019SW>Xﬁ2;>=.XNS\2SC[=X>-0I2%8:JMWjOiP!=2%;0=WkL0[=1%=Wi2
[=K1-0H:2%14S\W0XlIJ$H:X</iS\1
FZS\11
=T$S\H:-NS\28:J$W01
8:W<1=KI28:J$WmD>O.?(W
1=KI28:J$Wc^nSW>Xco<7f=eX08:1%I-01%1@2;>=pLNJ$118qg0H:=e18q/MW>8*rNIS\28:J$W01
J\UQ1-0I;pHﬂS[%/M=Z/`S\1ﬁs`-NS\Wi28q28:=1]79;0=We2%;0=teS\[=
L>[=1%=Wi2
S\W0X
IJ$F]LNS\[=u2%;0=1%=vF]=wS1%-0[=KF]=Wi2%1x78:2%;yJ$2;0=K[c7ST$=H:=W0/$2;
J$g01=K[T$S2%8:J$W01O
z|{|}]~N&(0*|N]&Ł@Ł&N(Ł|j$*|

;>=Z1S\F]L0H:=J\U.1J$-0[%I=1ﬁ79S11=H:=KI2=XeS\IIJ$[X>8:W0/h2J
1%=TM=K[S\H
I[%8:2=[%8ﬂS0OC8:[1%27f=h7S\Wi2%=Xp2JJMg>1=[%TM=R/iS\HﬂS\di8:=1k78:2;p8:F
LNJ$[2SW`2IJ`J$H:8:W0/ZNJ\71w1%J7=]I;>JM1%=Z;08:/$;!X>=LNJ$18:2%8:JMWR[S\2=1
/`SHﬂS\di8q=1!78q2; 

S\[%JM-0W>XmJ$[4/$[=wS2%=[42%;NS\Wu65M5<B
C\ti[w
1=K=Z=K[=1.=2CS\HON%6$$ M¡KjPe;>8:2=.=2CS\HON%6$$¢M¡K£2%;0J$-0/$;2%;0=1%=
[S\2%=1QS[%=I=K[2S\8:W0HqtZJT$=[%=12%8:FZS\2=XO

;0[==W0J$WiIJ`JMH:8:W>/J7
IH:->12=K[1Cﬂ,.gN=H:H|6Y$YM >,.gN=H:H6¢$5^QS\W0X,.gN=H:HN3$3$oMY$¡&;NSTM=9SHq1J
gN==W
J$g01%=[T$=X
S\W0XﬁW>JM2X0=2%=I2=X
8:W¤abp78:2;k2;0=CD$5\Fm2%=H:=
1IKJMLN=$O0?2f8:1LNJ$118:g>H:=C2;S22;0=.HﬂS\[/$=./`S1¥NJ\7eL0[%JiX>-0I=1F¤S1
18qTM=Q12S[%1.8:J$W08:¦8:W>/2%;0=/`S\1O

;>=/`S\1.F]8:/$;i2SH:1%JﬁgN=QIJ`JMH:8:W>/
8:W@8:J$W08:¦K8:W0/h1;>JiI§`1_¨J$L02%8:IS\H:H:t!H:->F]8:W0J$-01¡O

;i->12;>=
L0[=K1(
=W0IK=J\UCHﬂS\[/$=
S\F]JM->Wi2%1J\UQIJiJ$H:=X/iS\1ﬁIJ$-0H:XgN=
S\IIJMFkLNS
W08:=KX]gitQ©Cª
=F]8:1%18:J$WﬁS\1¥1-0/$/$=12%=XZ8:Wﬁ«|X0/$=k¬3$5M5>6¡O$­iJM->[I=1
7f=[%=C2;>=WZ1=H:=KI2=X
S\IIJ$[X>8:W0/2J2;0=8:[©C®ﬁH:->F]8:W0J$18:2tC7;0=W
ST$S8:HﬂS\g0H:=¯¨;>8:/$;mH:-0Fk8:W0J$18:2teJ\UhSgNJ$-02¯65°K±!=[%/NO ²\³´4UV[J$F
af[S7UVJM[%XZ=2.S\HO&6M$$¡.b.7f=W¤=2.SH¬O&6M$o$¡(¡KO

;0=h1S\F]L0H:=
IJ$Wi2S8:W>1!J$W0H:t<[%=HﬂS2%8:T$=H:tµHqJ7([%=X01%;08*UV2hI¶y/iS\HﬂS\di8:=K1@V·¹¸
5>º 3Mo$¡MUVJ$[2%;0=Q1S\§M=QJ\U1%=W01%8:28:T`8:2tiOiP_=C/`S2%;0=[.XNS\2SﬁS\2JM2%;0=[
7ST$=H:=W0/$2%;01N1->I;_S1.2%;0=CUS[»8:WiUV[S[=Xj79;0=W_STMS\8:HﬂS\g0H:=$$2J
gN=kSg>H:=2%J]IJ$F]LNS\[=Q/`S1QS\W0X
X0->12C=F]8q118qJMWO0,.H:H|J$g01%=[T`8:W0/
LNS\[S\F]=2%=[1S\[=1%-0F]FZS\[%8:¦=XQ8:W

Sg>H:=C6$OMb.g01%=[T$S\28:J$W01¥7f=[%=
S\I;08:=T$=X@798:2;R2;0=k?A,CB¼D$5\F½Fk8:H:H:8:F=K2=[(79ST$=2=H:=1%IJ$LN=
S\2ﬁ|8:IJ
¾=Hq=2S>¿­iLS8:W_8:W_ÀM->W0=ZS\W0XR,.-0/$-0123$5M5>68:W_/MJ`JiX
7f=S\2%;0=[|IJMW>X08:2%8:JMW>1OP!=¥-01%=XÁUVJ$-0[[%=I=8:T$=[1¥18:F-0H:2SW0=KJM->1H:t`
I=W`2=[%=X]27fJCJ$W2%;0=ab%6K%5$¡¿S\W0X27fJ.J$W2%;0=a9bV3K6¡H:8:W0=1
S\26M6o]ÂC©.¦ﬁS\W0X_3$DM5kÂÁ©.¦$O

;>=gN=S\F¹JU92;>=2%=H:=1IJ$LN=¤S2
2;>=1=_27fJ4UV[%=si-0=KW0I8:=1
8:1Z3$3\Ã@S\W0Xl6D\Ã4[=K1LN=I2%8:T$=H:t`O

7fJ
gNS\I§$=W0X>1f7f=[%=L0[%J\Ti8:X>=Xﬁg`t2%;0=.S\-02%JiIJ$[[%=HﬂS\2J$[M78q2;S6$O 3$o
BZ©.¦.[=K1J$H:-028qJMW]J$W]SQY$5M5QBZ©.¦.gSW0X78:X02%;O

;0=.27fJQJM2%;0=[
gNS\I§$=W0X>17=[=2;0=2(7J
o063$BZ©.¦ﬁ78:X>=Z6BZ©.¦rNHq2=[(gSW>§i1wO

;>=1=
ti8q=H:X@S
2J$2S\HfgSW>X4J\UQÄÅ6D$5$5§`FZ\1CS2k30O Y\F]F¹S\W0X
Ä¹YMo$5\§iFZ\1S2Æ6$O DF]FÆON?(WeS\X0X>8:28:J$W7f=Z-01%=X@2%;0=
^_BZ©.¦
[=K1J$H:-028qJMWﬁrH:2=[gNS\W0§&iL>[J\Ti8:X>8:W0/QSk6ÇÂC©.¦.gNS\W0Xk78:X02%;M8:F
LNJ$[2SW`2UVJ$[C2;>=h6MO DF]FÈ[=I=8:T$=[%1
¨1%8:W0I=k8:2IKJM[%[=1%LNJMW>X012J
6DM5$5\§iFZ\1gNS\W0X>78:X02%;hSH:1%Ji¡KO&ÂÁ8:T$=W
2%;0=->W0I=[%2S\8:Wi2t
8:W
2;>=
I=W`2[SHTM=H:J`I8:2tZJU2;>=ﬁabnH:8:W0=k¨1%J$F]=J$L02%8:IS\H:H:tZF]=S\1->[=X
T$=H:JiI8q28:=1gN=8:W0/
1%ti1%2=FZS\28:IwSH:H:thX08q1L0HﬂS\I=XR78:2;R[=1%LN=I2k2J
2;>=C/iS\HﬂS\dit1t`12=KF]8:I.T$=H:JiI8:2t>¡M2%;0=C=diL=I2=X
78qX02;kJU¥SQI¶
/`SHﬂS\dit`&S\W0Xh2;>=][=s`-08:[%=X4gS1%=H:8:W0=2JZ=H:8:Fk8:WNS\2=Q18:W`-01%JM8:XSH
N->I2-S2%8:JMW>1&2;08:1.798:X0=QgNS\W0X
8:1CW0=IK=11S[%t`O

;>=1%8:/MWSH:1»S[%=
=d`L0[=1%1=X¯8:WF¤S8:W
gN=wSFÉ2=FkLN=[S\2%-0[=1w¿18qW0I=]2%;0=ﬁ1%JM->[I=1
S\[=]W>JM2C=d`LN=I2%=X@2J¤gN=]=d`2=W0X>=X@S\W0Xh;0J$F]J$/M=KW0=J$-01O

;>=
FZS\8:WigN=S\Fm=Ê]I8:=W>ItZJU|2%;0=DM5\Fx8:1ÇË
Ì\ÍÎQÏeÐ»Ñ
Ò¥Ó
ÐNÍÎ
S\W0X
Ì\ÍÎQÏeÔ.Õ(ÖÖ
ÓM×
Õ(ÖÖ
%6¡
78:2%;
ÌÍÎ$Ï
5>O ¢$oM$5>O Mo¥S2¥6$6ofÂC©.¦fS\W0XQ5>O o$3M$50O 06S23$D$5fÂC©.¦
ﬂIU?%A,CB]%DM5\Fm1%8:2=C;`22%LË $7977QO 8:[SFhO =1$¡O

;0=CXNS\2SQ7f=[%=
[%=X0-0I=KX]78:2;2;>=.aØ&,C­0­LNS\I§$S/$=$Ù1%L08:§`tI;NS\W0W0=Hq1fS\W0XﬁgSX
1%ISW>1f7f=[%=.=d`I8:1=XjOi,UV2=[ST$=[S\/$8:W0/QS\H:Hi2%;0=.[S71LN=I2%[SQUVJM[
=S\I;hH:8:W0=QJ\Uf=S\I;
1%JM->[I=$H:8:W0=S\[.gNS\1=Hq8:W0=1.7f=K[=ﬁ1%-0g02%[S\I2%=X
S\W0Xh2;>=1%LN=I2[SZ7f=[%=ﬁ©CS\W0W08:W>/]1FkJiJ$2;>=XON,.11%-0F]8:W>/ﬁ2;S2
S]/$JiJ`X!1SFkL0H:8:W0/J\U2;>=ﬁH:8:W>=ﬁ[=s`-08:[%=1ﬁS\2CH:=S\12CrNT$=ﬁLJM8:W`21w
S\W0X<S\11%-0F]8:W0/RS42tiL>8:IS\HD$5$54§`FZ1H:8:W0=h78:X>2;f2%;0=_XNS\2S
7f=K[=]1%F]JiJ$2;>=X_2Jho$oÆ§`FZ\1CJU»1LN=I2%[S\H[%=1J$H:-02%8:JMWj¿S\2]6$O D
S\W0X<3>O YFkF
¿2%J@/`S8:WeFkJM[%=
2;NS\W<SUS\I2%JM[
DR8:Wp18:/$WNS\HC2J
W0J$8:1%=$O

;0=hab¹=F]8:1%18:J$W4H:8qW0=1]7=[=
rN2%2=Xe798:2;e/`S->11%8ﬂSW
L0[%JrH:=1.2;>[J$-0/$;
2;>=aØ&,C­>­ZLNS\I§$S/$=$ON0J$[W0J$W
X0=2%=I28:J$W01w
ab<8:Wi2%=W01%8:2(tk?ÚNÛ_-0L>LN=[.H:8:F]8:2%1fS\2.D$Ü
7f=[=Q=T$S\H:-NS\2=X
S\18:W
BZIÝCS\FZS\[SQ=2.S\HO&6M\^`¡g`thË
?%ÚNÛ
Ï
DÞÆß\à]²ÁÞáZâ ã:ä
Õ
Þh
á
åæ
áZâ ã:ä
Õ
¡
´ç±
V3M¡
7;>=[=_[F]1¤8:1Z2;0=_W0J$8:1%=H:=T$=HIJ$F]L0->2=Xp8:We2%;0=_I;NS\W0W>=H
78:X>2;á
å(æ<VoMo§iFZ\1¡&S\W0XkáZâ ã:ä
Õ
8:12%;0=f=d`LN=I2%=XﬁH:8:W>=gSW>Xi
78:X>2;|2(t`L08:IS\H:H:t_DM5$5
§iF¤1wO

;>=Z2(t`L08:IS\H8:W`2=/$[S\28qJMWR28:F]=
7S\1]27fJ_;0J$-0[%1]UVJM[kSH:H./`S\HﬂSd`8:=1wOab½8qWi2=KW018:2%8:=1]7=[=hJ$gi
2S8:W>=Xg`tST$=[S\/$8:W0/.2%;0=XNS\2SÇJ\US\2|H:=S1%2¿27fJCX>8*è&=[=KWi2¥XNSti1w
2%JﬁL0[%=TM=KWi21%ti1%2=FZS\28qIÁ=è&=I21ﬂgNS\1=H:8:W>=C[8:L0L>H:=1O:OqO ¡O

;>=CX0=
2%=I28:J$W4I[%8:2=K[8:J$W!8:1Q2%;0=]abc=KF]8:11%8:J$WéHq8:W0=ﬁF¤Sd`8:F->Fc8:1S2
H:=S\12.2%;0[%==2%8:F]=12;0=Q[Fk108:W
o$o§`FZ\1I;NS\W0W0=H:1wO£P¯;0=W
2;>=
1%8:/MWSH2%J!W>JM8:1%=
[S\28:Jh79S1]g=2(7==Wp3_SW>XeD[%F]17f=ZIJ$Wi
IH:->X0=Xe2%J@Sh;08:W`2ﬁJ\UX>=2=IK28:J$WOfêf=H:J\7¹3h[Fk1¿->L0LN=[ZH:8:F
8:2%1Á7=[=IJ$F]L0-02%=XZUVJM[C2%;0=abm8:W`2=W>18:2t`OjA=K1-0H:2%1S[%=L>[=
1%=Wi2%=X8qW

S\g0H:=C3SW>X

S\g0Hq=D>O0,UV2=[92;08:1r[1%2CSWSH:t`18:1»S2
=S\I;@79STM=H:=KW0/M2%;¿7=ZIJ$F]LNS\[=k?ëì|í
´³&îï
SW>X4?%ëì|í
±K³´ï
O¿,
IJ$H:XZ/`S1.X>=2=I2%8:J$W8:19IHﬂS8qF]=X]7;>=Whabµ8:1»X0=2=KI2=X_8:WZ2;>=
ab%6K%5$¡¿S\W0X8:W2%;0=.a9b¬36¡H:8:W0=1|18:F-0H:2SW>=JM->1H:t`OJM1%18:g>H:=
X0=K2=I2%8:JMW>1ﬁS\[=X0=rW0=XRgithS]X0=2%=I2%8:JMW_8:WhJMW>=ﬁH:8:W>=J$[QgithS
;08:W`2|JUX0=2=KI28:J$Wﬁ8:WQgNJ$2;H:8:W0=1wOMb.2%;0=[798:1=$M7=fIJ$W0IH:->X0=X2J
S]W0J$WhX0=2%=I28qJMWO|0J$[C,.gN=H:Hf3$Y$30N,.gN=H:H»65MY$ ]S\W0XRðN7. >6$D0
78:2%;0J$-02Qab¬3K6¡ÇXS2S0S]X0=2%=I2%8:JMW_8:1CIHﬂS\8:F]=X
gN=IS\-01%=]J\U
SﬁIHq=S[.H:8:W>=CX0=2%=I28:J$Wh8:W
ab6%5M¡KO0Pe8:2;Z2%;0=1%=ﬁI[%8:2=[%8ﬂS>7=
IHﬂS\8:F¹YﬁX>=2=I2%8:J$W01&^ZLNJ$11%8:g0H:=X0=2=KI28:J$W01wS\W0X_3$3ﬁW0J$W
X0=
2%=I28:J$W01wO¶.=2%=I28:J$W01CFZS\X0=Cg`t
«¿X>/M=V3M5$5>6¡fUVJ$[,.gN=H:H965MY$ 
S\W0X_Añ.À`5M $306òC5$¢]S[%=ﬁIJ$Wir[F]=KXN78:2;_S]/$JiJ`X!S\/$[==Fk=Wi2
J\UQ2;0=ZX>=[8:T$=Xe;`tiX>[J$/M=WF]J$H:=I-0HﬂS\[Q/iS\1ﬁF¤S1%1=1wOfab6%5M¡
=F]8q118:J$WQH:8:W0=8:1fS\H:1JCIJ$Wir[F]=KX8:W,.gN=H:H&3$Y$30g0-02¥F]J$H:=I-0HﬂS\[
/`S1¥FZS\11X0=X>-0I=XZ;>=[=98:1278:I=H:J\7=[¿2%;NS\Wﬁ8:W«¿X>/M=k¬3$5$506¡O

;S2¥IJ$F]=1U¬[%J$Fµ2%;0=US\I27=8:X0=W`28*UVtS.H:8:W0=798:2;SÁ1%FZS\H:H:=[
78:X>2;O

;0[%==.W0=7eT$S\H:-0=1|J\U|BÆóKôåS\[=UVJ$-0W0XÆË,.gN=HqH&Y^`Y.UVJM[
7;>8:I;ﬁIJ$H:X/iS\1¥FZS1%1|8:18:WS/$[%==F]=W`278:2%;ﬁ«|X0/$=¬3$5M5>6¡->Li
LN=[9H:8:F]8:2,.gN=H:H6¢$Mo.UVJ$[f7;>8:I;ZSCHﬂS\[/$=.H:8:W0=798:X02;k8:1UVJ$-0W0X
S\W0X]IJ$W01%=si->=Wi2%H:t
SFkJMH:=KI-0HﬂS\[;`tiX>[J$/M=WkFZS1%1f;>8:/M;>=[f2%;NS\W
2%;0=Q-0L0LN=[CH:8qF]8:2|X0=X0->I=Xh8:W
«¿X>/M=k¬3$5$506¡fS\W0X
|õQ­05$¢^`o6
2%;NS297S\1J$g01=[%TM=KXhS2.SQ7[%JMW>/UV[=s`-0=W>ItZgit¤«¿X0/$=¬3$5$506¡O
aby8:W`2=KW018:2%8:=1RSH:79St`1
IJ$[[%=1LNJ$W0Xö2J<S\[=S\1!X>=X0-0IK=X
UV[J$FÉ/iS\-01%18ﬂS\WhrN21QUVJM[X0=2%=I2%8:JMW>1]S\W0X_LNJM1%18:g>H:=]X0=2%=I2%8:JMW>1
7;>=WcSp/iS\-01%18ﬂS\WlrN2479S1_LNJ$11%8:g0H:=$g>-02!UVJ$[_2;0=÷3M3pW0J\
X0=K2=I2%8:JMW>1&2;0=Q?øùQS\[=Q=T$SH:-S2%=XZ78:2%;h0J$[Fﬁ->HﬂSﬁV3$¡O

Sg0Hq=
^h1;>J7ö/iS\1FZS1%1Q=12%8:FZS\2=1S17f=H:H9S1ñ[St`J$L02%8:IS\H?%A
S\W0XZ[SX>8:JXNS\2S7;0=KW
ST$S\8:HﬂS\g0H:=$O
   
 	  ﬁﬀ	ﬁﬂ  !#"$"&'(ﬂ"
*!+ ",#-./"10
	
 


ﬀﬂﬁ
	


ﬃ "!$#%ﬃ
'&)( *

 *,+
ﬃ-
.  /
"+0
ﬃ1
2
3
( ﬀ 4
	/,ﬃ-
 5'ﬂ67
!
(
#
+85:9<;>=???A@CBD
 
;E=???A@CF *,+
ﬃ-
.G,ﬃ
ﬀHJI K
3LM

/,ﬃ
 N *,+
ﬃ 
.G,ﬃ
ﬀHJI K
3L

/7ﬃ

( *OF?7;"P Q>?A@ +E(

R;

( *M@ ( *S:&T;>=ﬀQ-PU@ +>(

V;

( *@
9DWAXAY ?,I ?AXXZA[ ??]\,PTX?7I \ Q>?^_PﬀW_PP Pﬀ?^,I2Pﬀ^V`DaDb PX= Q Q
c
=4AX ?,I ?W4?? ??]\4VX=I P d=\V=\V=AP Pﬀ?Z,I \4V`DaDb P=W =AP=AI WA[]`Daeb P=W
9=ZA=AY ?,I ?,PﬀZA=? ?,PTX=T\Z7I X dD4Z]?^]?A[ PPﬀ4,I \4V`DaDb PﬀZ? Q Q
9=^,PY ?,I2Pﬀ^AX^? ?A=T?,P\47I P Q>?A=VPP\W ^Z,I 4fWV`eaDb 4?\ Q Q
9D\^Z ?,I ?4A=W,P ?\]44]4A[I W Q-Pﬀ4_PXT\4 PPPI Z?V`DaDb =\W ==4,I =APT`Daeb =XZ
5'gihf?\4^AdD?AX ?,I =?W?? ?\]4^]?A=I = dD?AX]=?]\\ ^AXAI \=]`eaDb 4?? Q Q
jlkT	
?A[\AXﬀQ-Pﬀ^,P ?,I2Pﬀ?A=W? ?A[T\A[T4,PfI 4 Q-Pﬀ^_P[T\? Pﬀ?\,I X=]`DaDb 4?\ =?^,I ?\V`Daeb 4A[Z
9DZ\\ Y ?,I ?A[?\? ?W_P[]=XI X Q>?A[T4?]\\ Pﬀ?A[AI Z^V`DaDb Pﬀ\\ =APXAI 4A[]`Daeb WfW
5'gihf?WA=APdD?A[ ?,I2PPﬀ??? ?WV=AP?A=I \ dD?A[]XAP\A[ Pﬀ?4,I W\V`DaDb ^Z =?A[AI Z^V`Daeb ^fZ
9DZ\Z ?,I2P=ZW? ?WV==T?^7I Z dD\A[T?AX]X4 Pﬀ?A=AI 4?V`DaDb 4?\ =?\,I X^V`Daeb 4,P=
9[W? ?,I ?AX4W\ ?^_PﬀW]?AXI [ Q-P=T?AXT\\ Pﬀ?^,I 4WV`DaDb =ZW =APﬀW,I [ZV`Daeb 4AX=
9TPﬀ?ZW Y ?,I2Pﬀ4WZ? Pﬀ?]\?]\\7I X dD4^VX[VPPI2P Pﬀ?,PI =4V`DaDb PﬀW? Q Q
9D^A[W ?,I ?AX\A=X Pﬀ?V=?V=Z7I X Q>?Z]4,P4Z Pﬀ?^,I 4\V`DaDb ^Z =APﬀW,I ZA[]`Daeb ^fZ
9TPﬀZZW ?,I ?Z4ZW Pﬀ4]?4]\Z7I Z dTPﬀ^_PﬀZ_PﬀW Pﬀ?W,I 4A[]`DaDb W? =APﬀZ,I [4V`Daeb Wf?
9TP[^AX ?,I ?Z4A=Z Pﬀ4]\WVX=I \ d=Z]4AXT4\ Pﬀ?W,I \,PT`DaDb ZW =APﬀZ,I WA=]`Daeb P=^
9=?A=^ ?,I ?A[[^AX PXVPﬀ?VXZ7I P dD?AXT\\]\,P Pﬀ?Z,I ^4V`DaDb PP= =APﬀ4,I WZV`Daeb PﬀZW
m$kn
4 ?,I ?\AX4,P PX]=APTXAPfI ^ dD?A[T\A=T4A= PPﬀ?,I =[]`DaDb Pﬀ\\ ==?,I X\V`Daeb Pﬀ\\
9=APﬀ\Z ?,I =44A[? PX]XZ_Pﬀ47I W dDZZV=?VXX ^4,I \f4V`eaDb =[= Q Q
9=APﬀ\A=AY ?,I ?^?4A[ PX]XWV=?7I ? d=[VPﬀ\]?A= Pﬀ?AXAI [APT`DaDb P=W Q Q
9=APﬀ\A[ ?,I ?4AX4A= PﬀZ]?A=VP[I ? dTPX]XWV=W PPPI 44V`DaDb PX= ===AI ZA[]`Daeb PX=
9=APXAP ?,I ?4AX44 PﬀZ]?\]4AXI W dTP[T\4_PﬀW PPPI 44V`DaDb PX= ===AI ZA[]`Daeb PX=
9=APﬀ^^ ?,I ?4?4AX PﬀZV=W]4W7I X dD4^]44]?Z PPPI WA[]`DaDb P=W ==4,I [\V`Daeb P=?
c
W,Pﬀ^4,Y ?,I2PﬀWA=^? P[VP[VPﬀ^7I = dD\A=]=[T?? ^A[AI \f\V`eaDb 4?\ Q Q
9==Z,PY ?,I ==\? P[]==]=[I P dD4A=T?A[]XW ^\,I PU[]`eaDb =XZ Q Q
9=4,Pﬀ^
Y
?,I ?AX\AX^ Pﬀ^V=AP]Pﬀ?7I ? dD\4VXZ]\\ Pﬀ?^,I 4?V`DaDb Pﬀ4Z =APﬀW,I Z?V`Daeb WfW
No
1
9 ?,I ?AXZ?A[ Pﬀ^VX^V=W7I 4 dD\?]\\]?A= Pﬀ?^,I2PX]`DaDb ==W =APﬀW,I =^V`Daeb =4A=
9=\ZA= ?,I ?A[\4A[ ==T4^_PPfI \ Q-P[]=?V=W Pﬀ?A[AI =^V`DaDb Pﬀ\\ =APﬀ\,I XWV`Daeb Pﬀ\\
9=X^A[ ?,I ?WAX=? =4V=XVPﬀ^7I W Q-P=T?A[]=Z Pﬀ?Z,I ==]`DaDb Pﬀ\\ =AP=AI \4V`Daeb Pﬀ\\
9=ZA=Z ?,I ?AX\^? =4V=Z]4?7I Z d=AP?WVX? Pﬀ?^,I =[]`DaDb Pﬀ4Z =APﬀW,I X\V`Daeb Pﬀ\?
9=Z4\ ?,I ?4?A== =4]4WV=^7I X d=[T?,PTXZ PPPI W^V`DaDb Pﬀ\\ ==4,I [[]`Daeb Pﬀ\\
9=ZAX[ ?,I ?\?A=4 =4]\\VX[I \ dD?^_PP4\ PPﬀ?,I W,PT`DaDb =?W ==API ZA=]`Daeb =?W
9=ZZAX
Y
?,I ?AXZ,Pﬀ? =4VX?VX?7I Z dD?Z]?^]?? Pﬀ?^,I2Pﬀ\V`DaDb Pﬀ^A= =APﬀW,I =^V`Daeb Pﬀ^A=
plqsr.tvuxw,y{zF!
(2T+

7

L,ﬃ
ﬀ" *,+0+
!
]

TL,

#Nﬂ
( *
1$|J}  /
"+0
ﬃ

#:1
2
3
( ﬀ

"
ﬃ-~
ﬀ6
}
(2+
!
+
!
V%5'9
m
4?

+0

ﬀ
ﬀL
IlN *,+
ﬃ 

#vﬃ
ﬀH
/
-*

(2ﬀ
#
+
!
V'&;0P Q>?A@


*J6:&T;E=ﬀQ-P@

( *Jﬀ

0
ﬃ ~
ﬂ6


+
!
]
3LM

/,ﬃ
+>(



ﬃ
T( *s6A(
ﬂ

+0ﬀ6
#%ﬃ


0!1
U 
3
oI
	/,ﬃ 
ﬀ

0
ﬃ ~
ﬀ6
( *+
!
"
ﬀ
*J6
ﬃ"/
*;9
/s1/
"+ @

ﬃ

}
(2+
!
( *s6A(
ﬂ

+"ﬀ6

o


0+

ﬃ
I
zN!


+
!

ﬃ

}

ﬃ


0
ﬃ-~
ﬀ66
/,ﬃ
( *
1
+
!
D
ﬃ
0+
ﬃ0/
*;>h
/7
o,@ I
	

~

ﬃ-


/7ﬃ-
ﬀ
}

ﬃ
D*

+

"
ﬃ-~
ﬀ6$( *S:&T;>=ﬀQ-P@N>( *

T+
!

ﬃ
ﬀ6,
!
(
#
+0ﬂ6ShA=ﬀQ-P+
ﬃ-

*JE( +E(

*

( *sﬀ
}

ﬃ

/
+
#
+
!
4?

+0

ﬀ
ﬀL

ﬃ


 (
~

ﬃ

J

*J6MI
F:ŁiM,. 
>JO7ﬂJss >¡2¢£x¤%¥ ¢M§¦'¨©¢ªJA¥ >¡2¢£J
«s¬v­M®¯V®°7±v²O³R´¬vµT¶_µ ·J¸S¸S¯¹-º ¬v®T¸°7±v¯®»M±v¯,¼7¹-½¯V¾¯µ ¹]¹-ºﬀ¶A®¯ºT°A¿
®°,±v²À¸S°7±¯®»±%¶AºÁJ¶µ]¬vµ]¹-½¯$ÂiÃ©±v¬v­¯Äµ¼¿Eº-°,¸Å¹ ½¯_¸S°,µ ¹]¶A¾»M­sÆ
²¶A­s¹i¸S°,±v¯®»±v¯]¶¿>¹ ¯ºi³]´AÇÂÃ]È³]´iÉ<ÊËvÌÍJÎ{ÏUÐÑº °,¸µ-¹ﬀ¶A­²¶Aº ²
Ò
¶A­²x¯¸SÓM¬vº ¬v®¶A±%ÔT®¶A±v¬v¾ºﬂ¶¹-¬v°7­Mµ¼¬v¹V¬vµVÓ°7µ-µ ¬v¾M±v¯$¹-°Õ²M¯²»M®¯S¹ ½M¯
¬v­J¹ ¯º-µ ¹ ¯Ä±v±%¶º_³]´Ö®°,­J¹ ¯­J¹×¿>º-°7¸Ø¹-½¯S¬v­J¹ ¯Á,ºﬀ¶A¹ ¯Ä²ÂÃÙ¬v­s¹-¯­µ ¬¹0·
Ú-ÛÜ
ÒÝ
Ð ÞJ¸OÈAµﬀÔiÇ
Ú-ÛÜÀßáàâãlä
Ò>åæ
ÔçMè
Ò>é
Ô
ê
½M¯º ¯
âãlä
ÒEåVæ
ÔT¬vµ]¹ ½¯_¸O¶A¬v­O¾¯¶A¸ë¶­J¹ ¯­M­¶O¹ ¯Ä¸SÓ¯ºﬂ¶¹-»º ¯¼
°,¾¹ﬀ¶A¬v­¯Ä²ì¿>°,º]¹ ½¯ÂÃ
Ò
ÌﬀÆ-Í7ÔT±v¬v­M¯
Ò
®ﬀ¿R«s¯®¹UÐNí,ÔÐ.îT±v¹ ½M°7»Á,½À¹ ½M¯
¹"·sÓ¬v®U¶±:¸S°,±v¯®»±%¶Aº®±v°,»²À¬vµ]°,Ó¹ ¬®¶±v±v·¹ ½¬v®ﬂÞ¬v­ì¹-½¯_ïº µ-¹_ÂÃ
±v¬v­¯ÄµÖ°A¿T¹ ½M¯Sð±%¶A²²¯ºU¼¹-½¯SÓMº °,Ó°7º-¹ ¬v°,­¶A±v¬v¹"·O¿"¶®¹-°7ºV¾¯¹
ê
¯¯Ä­
¹ ½M¯T®°,±v»¸S­_²¯­Mµ ¬v¹"·$°A¿l¸S°,±v¯®»±%¶AºFÁs¶AµD¶A­²¬v­s¹-¯Á,ºﬀ¶A¹ ¯²S¬v­J¹ ¯Ä­sÆ
µ ¬¹0·¬vµeñﬀ»µ-¹ ¬2ï¯²{¼{µ-¬v­®¯¹ ½¯°7¾Mµ ¯º-ò7¯Ä²)µ-¬vÁ7­¶±F¬vµ]¹ ½M¯$¯¸S¬µ µ ¬v°,­
µ »M¸ó°A¿¸¶­J·S®±v°,»²Mµ¬v­À¹-½¯$¾¯U¶¸À¼¶A­²x¹ ½M¯µ ¯®±v°7»M²µV½¶ò7¯
¶)µ-¸O¶A±v±'ï±v±v¬v­Á¿"¶®Ä¹ °,º¼
ê
½M¯­µ Ó¶¹-¬%¶±¶­M²ò7¯±°s®¬v¹"·ò,°,±v»¸S¯
¬vµV®°,­µ ¬v²M¯º ¯²{ÐNôx¯$¶A²°,Ó¹]½¯º-¯S¹-½¯S®°,­sò,¯º-µ ¬v°,­ì¿"¶A®¹ °,ºV®°,¸$Æ
¸S°,­±v·_»µ-¯²O¿>°7ºeõ
Ò
³]´ÔD¬v­O¸°7±v¯Ä®»±v¯ÈA®¸
´
»M­¬v¹]Ç
ö
ÒE÷
´Ô
ß
íMË
é
ÌfÍ
´ﬀø
Ú ÛÜ
Ò%ù
Ô
Ñº-°7¸Ù¹ ½¬vµ¯ús»¶A¹-¬v°7­S¹-½¯V¸O¶Aµ µe°¿:¸S°,±v¯®»±û¶ºe½s·J²º °,Á,¯­l¼s®°,­sÆ
¹ﬂ¶¬v­M¯²O¬v­S°,­¯]¾¯¶A¸À¼s¬v­Oüýþ¬vµÇ
ü
Ò
³
´
Ô
ß
íMË ß iÌfÍ
Î
Ú ÛÜ
´	´
ö
ÒE÷
´Ô
Ú-ÛÜ
Ò
 7Ô
ê
½M¯º ¯
Ú ÛÜ
¬vµT¹ ½¯_¬v­J¹ ¯Á,ºﬀ¶A¹ ¯²À¬v­J¹ ¯­Mµ ¬v¹"·O¬v­
Ý
Ð Þs¸ÈµU¼

¬vµT¹ ½M¯
¾¯¶A¸Sµ-¬
¯T°A¿N¹-½¯V¹ ¯±¯µ ®°,Ó¯V¬v­O¶Aº ®µ-¯®°,­²µU¼{¶A­²<¬vµe¹ ½¯V²¬vµ"Æ
¹ﬂ¶­®Ä¯°¿V¹ ½M¯OÁJ¶±%¶s·x¬v­üOÓ®¼'²¯¹ ¯Äº ¸S¬v­M¯²
ê
¬v¹-½¶À³T»¾¾M±v¯
®°,­µ-¹ﬀ¶A­s¹
÷
ø
ß
ÍOÞs¸ÈµﬂÈ7üOÓ®,Ð½M¬vµ]®°7­Jò,¯º ¹-¬v­ÁO¿"¶®Ä¹ °,º×¬µ¬v­
¶AÁ7º-¯¯¸S¯­J¹
ê
¬v¹ ½À¹-½¯_°7­M¯$»µ-¯²)¬v­F²Á,¯
Ò
í,Í7ÍMÌÔT¶­M²ì¬v­ÀÓMº ¯ﬀÆ
òJ¬v°7»MµÖÂiÃ °7¾µ-¯º ò,¶A¹ ¬v°,­µ_°A¿T®±v»µ-¹ ¯º®°7º-¯µ$¾M»¹_Ás¶AµÖ¸¶µ-µV¯µ0Æ
¹-¬v¸O¶¹-¬v°,­µD¶Aº-¯µ-±v¬vÁ,½s¹ ±·S±v°
ê
¯º½M¯º ¯V¾¯®¶A»µ-¯
ê
¯]¹-°s°,Þ
÷
ø
ß
Í
ÞJ¸OÈµﬂÈ,üÓ®,Ð
Ú
¹i¬vµ¬v¸SÓ°,º-¹ﬀ¶A­s¹:¹ °_­°,¹ ¬v®¯]¹-½¯
Ú
Èõ
Ò
³]´Ô'®°,­sÆ
ò,¯º µ-¬v°7­¿0¶A®¹-°7ºe½¶Aµ¾¯¯­Oïº-µ ¹i®¶±v¬v¾Mºﬀ¶A¹ ¯²O¬­S¹ ½M¯×µ-°,±%¶º­M¯¬vÁ,½sÆ
¾°,º ½M°s°J²lÐ	F°O»µ-¯$¹-½¬vµVò,¶±v»M¯$¬v¸SÓM±v¬v¯µT¬v­J¹ ºﬀ¶Æ"®±v»µ-¹ ¯ºV¸S¯²M¬v»¸
 0   

"

$),-*,ﬃ"

,
#
"
 
""

ﬂ  
   
  
	


	



ﬀﬂﬁﬃ
 "! #

#%$
&' (
$)
*
+
,
! 
-(.&
 /0! #1 2'
3 4 	
 /0! #1 /0! #5 /0! #1 6798
	;: 	<: =
$)

$>!

# ?

@!+$@!

#BA
3%	DC
&EGFH!
=
$
ﬀ
A
3%	DC
&E
:;I 3%	DC

JLK-M-N
OPAQR>S-E R S
I T
#

R U
S
S
V W S
I
U
M
XZY
U
M
OPAQR>S-E Q
I T-[
S
I
Y
S
I
K
ﬀ
! #%$ R
Y
MK
[\
K
U%Q
K
[
QS
U S
I ]
]-[
S
I
Q
T
OPA
Y
RQE R Q
I ^
#

R U
S
S
V W S
I ]
M
J_Y
]
Y-N
OPAQR>S-E
Y
I T-[
S
I
M
S
I
K `
 U%Q
[
Y

U

]-[\-^
Q
I
S
M
[
S
I
Q

J_Y
T
Q
N
OPAQR>S-E R S
I T
#

R U
S
S V W S
I
U
M
J

T
]
OPAQR>S-E Q
I
M
[
S
I
M
S
I ^ ﬀ
! #%$ U
K-Y
[
U
T
U%Q
Q
[^
U S
I 
T-[
S
I
Q
Y
OPA
Y
RQE U
I
S
[
S
I ^
Q
I
Q
ﬀ
! #%$ Q
Q
-[
Y
T
Y

T-[
M
Y
S
I
K
S
[
S
I
Q
K
4Oab
S

U
T-c
S
M
OPAQR>S-E R S
I ^
Y
#

R U
S
S V W S
I
YK
2
:P
S
^
M
R&Q
T
Q OPAQR>S-E
Y
I
S
[
S
I
U S
I ]
`
 Q
K
[
Y
T
Y
Y
Q
[
MK
S
I -^
[
S
I
Q
Q
OPA
Y
RQEdQ
Q
I
Y
[
S
I
K Y
I
Q
`
 R

M
[
Q
M Y
Q
M
[\
Q
Y
I
M
^
[
S
I
U
K
J
]


N
OPAQR>S-E Q
I
Q
[
S
I 
S
I ^
#

R&QS
[
M
M Y
]
S
[^
^
W S
I
Y
^
OPA
Y
RQE R U
I
Q #

R U
S
S V WQ
I
Q
Y
4Oab
S
K-Y
Q
c
S
^
OPAQR>S-E
K
I T-[
S
I ]
Q
I
Q
`
 R
Y
[
K
QU
M
[
Y
Q Q
I
YK
[
S
I
Q
]
OPA
Y
RQE
T%I T-[
Q
I
M Y
I T
`

M
[
U

Y
^
S
[
K
Q
Y
I
K
]-[
S
I ]
S
J
]

]
OPAQR>S-E Q
I
M
[
S
I
Q S
I
M `
 QS
M
[
U
T
U
^]-[
Q
Y
Q S
I ]
Y
[
S
I
Q
M
OPA
Y
RQE Q
I T-[
Q
I
S Q
I ]
#
 
][
M

U

]-[
Q
Y
U W S
I ]
Y
J
^
K
S OPAQR>S-E Q
I
K
[
S
I
M
S
I ]
`

Y
Q
T-[
U%Q

U
T-[\]
K
S
I
K
S
[
S
I
Q
Q
OPA
Y
RQE R Q
I
K
#

R U
S
S
V
W S
I ]
T
J
T-^
K
OPAQR>S-E Q
I
K
[
S
I ^
Q
I
S #

R&Q
YK
[\
T
Y
Y
Q
[
K
^
W S
I
U
T
OPA
Y
RQE R
Y
I
Q #

R U
S
S
V W S
I
K
S
J
QS
]
K
N
OPAQR>S-EdQS
I
Q
[
S
I
U S
I
M `
 R

M
[\
Y

T-[
QS
Y
I ]
]-[
S
I
Q
J
Q
]
]
K
OPAQR>S-E R Q
I
Y
#

R U
S
S
V
W S
I 
]
OPA
Y
RQE
Y
I -[
Q
I ]
Q
I ^
#
 T-[\]

YK
Q
[
Q
Y
M
W S
I ]
M
J
Q
^T
M
OPAQR>S-E U
I -[
S
I ^
S
I T
`
 R&Q
T
S
[
YK

S
M
[
M
]
Q
I -^
[
S
I
Q
T
OPA
Y
RQE
]%I
Q
[
Q
I
S Q
I
K `
 R&Q
YK
[
U%Q
M
S
S
[\]
M
U
I
Y
]-[
S
I
U
T
egf1h'ikjmlZn

(1	;	;
`
ﬁ\

&o
$>!

#
L=.
$
pﬁﬃ
$
ﬀ
$@F
(
#1
I
/0! #5
)ﬀ5&

$

! )$@!



;?

#%$)
=0q
@?0

$
&r
;
ﬀ5
Fs#

#t9!
*%I
K
I
6798A
 (5	
#
K
EgFs

O
o (5
$
=pﬁk&
	uP*
(
)@!

#rv5$
ﬁ
$
ﬀ
OPAQR@S-E

#
=
 PA
Y
R&QE

! #5
ﬁw =
$

$@!

#5

#
=Dﬀ
! #.$
xﬁy=
$)

$>!

#1
I
6798
(
?.?Z
P
!
	
!+$;Fs

P
o (5
$)
=z
`
{
(1
$@!

#
Y
ﬁﬃ
#

#%R
=
$

$>!

#5
I
J
=
$

$@!

#z! 

)

$
=
! #

#1;$

#5>! $>!

#

! #1DF
ﬀ
#|$
ﬀ
P?0
3|ﬁ
$
ﬀ

*
(
)@!

#zv5$\! 
0o
;$
ﬀ.
P$@!
	
_$
ﬀ

	
}Aw! #
M
M
3%	DC

ﬀ1
#%#5

&E

#
=~<ﬀ
! #%$
ﬁH=
$

$@!

#F
ﬀ
#r!+$L!+

$@FH#z$@F
D
#
=
$
ﬀ%

$@!
	
O$
ﬀ

&	

I-'P 
!
	 =p	;

(%+*


=
$)

$@!

#
q
Fs

{
(
!


P=
$

$>!

#p! #
Z
$
ﬀ
$
&
#1@!+$@!

#

! #1
I
J
?

@!
%

=
$

$@!

#F


 
!
	

=
F
ﬀ
&#zF

 ?

#%$
=
$

$@!

#z! #

#5P$
&
#1@!+$@!

#

! #5
;ﬀ
! #%$
ﬁg=
$

$>!

#z! #
Z
$
ﬀ
! #1
q9(
#

)P$
ﬀ


! #5

?%?0
P&


`
! #

#1P$
&
#1@!+$@!

#

#

`
A
J


 
Y
]
Y
q
J


 
QS
]
K
q
X
F
K
Q
T
U-E
I
kr-&0~Ł&99
.zk.0D-ﬃ-kr1&kﬃ-ﬂz-
Z
;&0ﬂ&0g'k9-&k0ﬃ-;k&0%ﬃ-Pr-kkkk5

Z&0k1&-k0&;r0k0 ¡;&00&.w;rkkk15¢1
ZkP%1%&k.z£-&.Pkk.k~00Z&kz-D&0Dz-
-£gr%k0ﬃ-H150%¤%g.¥u&-09-£&%;¦% §.¨P5k0¤;k5
-%01_©P%5kZ0&k.~k-k0zkrZ¤5-\z-L&+
z-k%|ª0«z¬­®¯¦% §.¨%«±°²©;³´1µ0;Zk%z«z¬­®¶%-k0x.0k
0ﬃ
%·k¸µ -0k|¹9 -|9)Luº»¦½¼-¾-0º¿¦
¼5ÀÁr«Â_
µZﬂ|&xy&%¤.&0;k&00¡;kkrkx1-0k%&.
Ã
k¤9'¦P£@.}k'&.ZxÄ-;D£>Z0&k.~£O0Z+£@
0µ0DZ%
0&1&PZ;«z¬­®Z&k.~kkrkg-£'ZPÅÆ¥;«Ç§%¼-È&k
.9£@.P&0rÉ_Êp°&¦¼%´kk0Ä-&0rkZ¤rr1Zk
O§%¼.¼1zË-
kk0km-0r9-0&D0k%mkkrkO£L¼Z ÌprÍ1k
-¤.&r5k&z.Z0%k;k.
Î9Ï+ÐyÏ ÑOÒÔÓ0Õ5Ö>Õ-×5Ö@Ø+Ù0Ú1Û
ÜﬂÝOÞ1ß@ßáà¡â9à
9-ãk&Ç9ä0å5çæs0¤%°>è%¼%¼0¦
´
É\Z1ﬂ%-k0-r.r¡&k0kk&"&0|r
-0&r5
-0Ô.5é9êZkm0k%Ô%ã+£ÉÊ°@è½¦
´B¡ë\&
0%z¤%15ë0%0¤%ëkë&0m%0&0u£¥PZ¤.0&è%¼.¼Z¦z
0&ﬂkkZ%0µ0kP¤5wì5ﬂ%1kZ;ﬂ5H-0k%0&
-%0kZ¤zzíg&P;-9°¦
î%î.ï%´P-0Zk-k0r0%k
%0kxgkkZ
1&pÉL
\£@%r;-9°&¦½î%î%î.´
ðOñkò9n-ó.n9ô~õö÷
! #mQS
ø
ôzù
=

=-(5

=ﬂﬁk&
	
 

)
o
$@!

#5
q'o



(

$
ﬀ

*
+
,
`


=

ﬀ
!
ﬁ
$
I
t9!
 

=
$




=
$

$>!

#1
q
v
 

=
{
(1

ﬀ
! #%$
ﬁP=
$

$@!

#

#
=±)&
FO


(
?.?Z

!
	
! $)
I\sﬀ

=%

ﬀ

=

! #5

?

)&#.$$
ﬀ

	;

(%+;	;


!
	
!+$P$
ﬀ1
#

#


=

=(5

=
ﬁk&
	
 


&o
$>!

#1Fs! $
ﬀ
$
ﬀ
~6
4
J\ô
U
S
	
$)



?Z
q
! #
Y
ﬀ
! #%$
*&
$>!

#z$>!
	

I
úDûüþýyß 
k±u¼Zk¦½¼%è%ïŁ0Z+£@ ¤1-ﬃ-ì1-k
-0
%0%"k ÉÊÔ5æs0¤%°>è%¼%¼0¦
´9Å05%0&%-k%0x
zÉÊ°&¦&¼%´Pkk0kZ¸0&r&kr;-9-.Zﬂ~
9¥
&kﬂ0kZ%0H0k%zkﬂ&0DÉÊ°@è½¦
´s9-0~k~<&k¤%9-
&"0%k&z9&zZ·é9%z&rr&"%1é¡¿&00&0
  
  	
 	
 ﬀﬂﬁﬃﬁ !ﬁ
"ﬀ# ﬁ$ﬂ%&'ﬁ)(
*,+.- /1032
465"7
/1098
4;:=<
*
4
+.>@?&A)BC/.>
7EDGF H
?
4@HJI
>K+.-L?@- M
:&IN4
>9O1+.-P+1Q
F 4;: R
*,/.MJ>K?
4 STF HU4 VL4
+.W XY0
: SZF HU4 SZF HU4 SZF H[4 \N]_^
0a` 0a` b
4;I&4
?
IcF
/
H d
/
:cFPIcF
/
Hfe
Wg0ih
:KjlkmF
b
I
A
e
Wg0ih
:Kj
`an WJ0ih
:
o9p.qrp.s
7EDte&u@v
q
j u
n
u.w
qJn x qJn s
H
/
vcy1zrw{zr| }1}
x
wtu;y1z ~
qJn rx
7EDte
p
vKu.j v u
n
y H
/
v
1q1q1
~
qJn
y
p
)`
:7EDte&u@v
q
j u
n 
w
qJn
}
qJn
z H
/
vKu
1
wy
q 
}r|1wtu
q1q
~
qJn 
u
7EDte
p
vKu.j v u
n q
H
/
v
1q1q 
~
qJn 1s
o9p
u;}1y 7EDte&u@v
q
j v
qJn x
H
/
v
1q1q1
~
qJn
u
s
o9p
u;}
pr
7EDte&u@v
q
j v
qJn
| H
/
v
1q1q 
~
qJn p
|
o9p
u;}r| 7EDte&u@v
q
j v u
n
u H
/
v
1q1q 
~
qJn
}
p
7EDte
p
vKu.j v u
n
} H
/
v
1q1q1
~
qJn x
}
o9p
u
x
u 7EDte&u@v
q
j
prn q
w
qJn  qJn
z
A
F HJI

}Ju.w}r| u
1
w
s,x qJn p.s
w
qJn
u;}
7EDte
p
vKu.j v u
n x
H
/
v
1q1q 
~
qJn x
z
o9p
u
s1s
7EDte&u@v
q
j u
n
yrw
qJn
}
qJn s
H
/
u
q1s
w
x1x 1srx
wtu
p.
~
qJn rx
7EDte
p
vKu.j
Jn
u.w
qJn
y u
n p A
F HJI
p
y
x
w
p
z
p.q
}rwygu
qJn
yr|1w
qJn
u;z

zJu
s1J
7EDte&u@v
q
j
prn
u.w
qJn
}
qJn
} 14;: vKu;}rw
p.q p
}
p
wy
x qJn x1x
w
qJn
u
o9p1p
yJu

7EDte&u@v
q
j v
qJn
z H
/
v
1q1q 
~
qJn 
u
o9p.
u
s

7EDte&u@v
q
j v
qJn
| H
/
v
1q1q1
~
qJn p
|
7EDte
p
vKu.j v
Jn
} H
/
v
1q1q

~9u
n 
7m
O1o
7EDte&u@v
q
j
Jn
yrw
qJn 
u
n
}
A
F HJI
p.q1
w
p
} u
x.
w}Ły
qJn x.s
w
qJn
u;z
7EDte
p
vKu.j
prn
u.w
qJn x
u
n
} H
/
vcz

w{y
x 1
yrw
p.q
| ~
qJn x
}
o9p
}1y
p
7EDte&u@v
q
j v
qJn s
H
/
v
1q1q

~
qJn rx
7EDte
p
vKu.j v
prn
| H
/
v
1q1q

~9u
n q
o9p1x.s
| 7EDte&u@v
q
j u
n
u.w
qJn  qJn
z H
/
vKu
q
w
x1x p
y
q
w|Ł|
qJn p.s
w
qJn
u1u
7EDte
p
vKu.j v
prn 
H
/
v
1q1q

~
qJn
z
s
o9p
y
p
y 7EDte&u@v
q
j u
n
|1w
qJn p qJn
z
A
F HJI vKuyJu.w}
p p.s1
wtu
q1 qJn x1p
w
qJn
u
x
7EDte
p
vKu.j v u
n
} H
/
v
1q1q

~
qJn x
}
o9p
y

} 7EDte&u@v
q
j
prn s
w
qJn
} u
n
u
A
F HJI }1z1zrwy
p
}
x.s
wtu

| u
n
}1}rw
qJn 
z
7EDte
p
vKu.j v
prn p
H
/
v
1q1q

~
qJn
z
x
o9p
y
x
| 7EDte&u@v
q
j
gn q
w
qJn q1 qJn
z 14;: u;}r|1wu

y
s
w
x.q qJn p1p
w
qJn q
z
q
7EDte
p
vKu.j v
qJn
z H
/
v
1q1q

~
qJn 
u
o9p
y1y
xr
7EDte&u@v
q
j u
n x
w
qJn p qJn
z H
/
v
p
|

w}
q
u
s1
wz
p
~
qJn 
u
7EDte
p
vKu.j v u
n
y H
/
v
1q1q

~
qJn
y
p
[LZ*1M[0a0a+.>

/.B/.8
:N4
>@.+
IcF
/
H
+.-mbg+
I
+tBC/.>
I
A
49Ick
/t>&M
HU:
n
SZF HU4;:
?NAU+.>@+1?
IN4
>
FP:&IcF
?
:e
+.8J-
4
pt?;/
HJIcF H
MU+
IcF
/
HTj
n
rg .¡¢ZC£r¤¥U£,¦¨§E©9ªZ«¬¦­¥[£rC£r®[¯°«¦­¦@¢T±Z±J¦@ .²³K´¡.JµU³;£r«µ£
C£r¤@¥J t¡.[J«µT¥¶_r·¸·9«³Kª)£r¦@¦m²Z .±_g¦K«³@«Jµ)¤=£,³K .¦t£r¤@J¢ZµZ² ¹1ºgºJº
»3¼{½
¯[¤£r¡.¡.g¤K²Z«µT¥¾³Kﬃ¿ .¤K .¦t .³a£r&§À@¹1ÁJÁgÂJÃ.ÄÆÅt .µfÀÈÇJºJºgºJÃ=§
É
³K¤@JµZ¥ÆJ±Z³@«¡¨£, .­«¦@¦K«Jµ«µT .¦ª_£1Êg £,¦KÆË . .µ´²T .³@ .¡³@ .²«µ
¿mÌ
É
ºJÍrÎ[Ï1Ð¹ŁÁT¹J§Ł©9ªT«¦E¥U£rC£,®U¯i«¦{³@ªT t¦@«³K t,m£rµ)«¬­±J¤@³;£rµU³Ñ .®JÐ
¡.«³=£,³K«gµ3 .¡;ª£rµZ«¦KÆ§gÒ .¦@«²T .¦6«³«¦a£)±r·{ .¤&c¢Z¤;£r²Z«Ó¦@J¢Z¤K¡. 
·9«³KªÔ£,µÔ£r­J¤@±ZªTg¢T¦£,µT²ÖÕC£r­ .µ[³=£,¤K¯×­J¤@±TªZJg¥J¯UÄ¦K . 
Ò9£r¢ZÖØÙÛÚ Üt 1£ÀK¹1ÁgÁT¹ŁÃ=§3Ý9 .¡. .µU³@¯UÄÜtgµ_£,ªU¢Z t .³a£r&§LÀÈÇJºJºgºJÃ
ª£1ÊJ 3£r±Z± .²ÞU±¡;Ð&¦@«ß. 3Õ_C£,­ µ[³K¦)«µ¸ÊU«ËZ¤=£,³K«gµ_£,¬¯gÐ& .®[¡.«¬³@ .²
àaá
«µ°³@ªZ ¡g¤K .¦)ra¥U£,C£r®[« ¦6¡. µ[³@ ¤@¦­ra¡.Ug«µT¥¶r·9¦1Äm«Þg 
¿mÌ
É
ºJÍrÎ[Ï1Ð¹ŁÁT¹JÄÑ·9«³KªªZ«¥Jª¸¦@±_£,³K«C£râ¤K .¦@J¢Z³K«Jµ§E©9ªZ ¯ª£1Êg 
£r¦@­cJ¢ZµZ²3²T¢Z¦@³iC£rµZ .¦a·9ªT«¡;ªf£,¤K J±Z³K«¡1£r¯³@ªT«¡;Þ³Kf¹g§ ãräL
 .­«¦K¦@«Jµ§J©9ªZ .¦K â²T¢Z¦K³{C£rµZ .¦9£r¤K t¡.gµUÕµZ .²³K³KªZ t¡. µ[³@¤=£råc .·
Þ[±_¡.¦1§
©9ªT æ¡1Ü'¥[£rC£r®[¯×çÓè­éêëìLí_î­êLï×ª£r¦Ë . .µÔ²Z .³K .¡.³@ ²¾«µ
ð
ÙñË[¯òÑ²Z¥J ÓÀÈÇJºJºZ¹1Ã=§©ªZ«¦¸¤K .C£r³@«ÊJ .¯ ¨£,¦K¯×²Z .³K .¡.³@«JµÖ«¦
¡.Jµ[Õ¤K­ .²ªZ .¤K ¸«µËJ³@ª·9£1ÊJ . .µT¥g³Kªæ£rµZ²
ð
Ù$«µ[³K .µZ¦K«³@« .¦
£r¤@ $¡.g±£r³@«ËZ ó·«³@ªñ±Z¤K .Ê[«J¢Z¦ÖJµZ .¦¨§ôÙt±Z³K«¡1£ræ«õ£,¥J .¦
³;£rÞJ .µö·9«³Kª³KªZ ÅtÅY©÷£rµZ²
à
¢TËZËZ¬ 
É
±£r¡. ©m . .¦K¡.J± Ë[¯
Ò9£1¯J .¤NÐ&Ìa«× .³£,&§LÀcÇgºJºJÇgÃ¦KªZr·ø³Kª£r³³@ªZ ¡. .µU³@¤;£r´¥U£rC£,®U¯
«¦3 .ÓË .²Z²Z ²«µ£¸¢Z­«µTg¢T¦­£rµZ² .®U³@ .µZ²T .²«µZ ;Ð& .­«³K³@«µT¥
µZ .ËT¢ZC£­¡.J«µZ¡«²Z .µU³â·«³@ªf£)ËZ¤K«¥Jª[³a .®U¡. .¦@¦ir9ù9Ð&¤;£1¯ .­«¬¦@¦@«Jµ
«£r¥J .²)ËU¯
ð
ª£rµZ²T¤;£T§
ú)ûYü[ýcý
íZêþëÆ²Z .³K .¡.³@ .²"Ë[¯fòm²Z¥g ÀcÇgºJºT¹ŁÃt«¦i¡.Jµ[Õ¤K­ .²fªZ .¤K J§
©9ªT 
àaá
£r¦@¦²Z ²Z¢Z¡. .²«¦3³@ªT GªT«¥gªT .¦@³Æ·{ Æcg¢TµZ²£r­gµT¥
²Z ³@ .¡.³K«gµT¦1§)©9ªT«¦´¥U£,C£r®U¯ô¦KªZr·÷¦K³@¤@JµZ¥J±Z³@«¡1£r­«¬µZ .¦¸£rµZ²
C£r¤@¥J ­²Z¢T¦@³Ó£,¦K¦i«µG¡.J­±_£,¤K«¦@JµG·«³@ª°g³KªZ .¤Û²Z .³K .¡.³@«JµZ¦¨§EßN³
«¦t£r¦K)£±_,· .¤Nc¢TLß@Ý9Å
É
¦Kg¢T¤@¡. i·9«³Kª£)ãJÏJº6 J¯i¶¢Z®õ£,³tãJº
äLÆ§
ú)ûYü[ýcý
íï ª_£,¦ Ë . .µ JËZ¦@ ¤@ÊJ .² Ë[¯
Ò{¤=£r«µZ iØÜt¢Z±T¤;£rßÓÀ@¹1ÁgÁrÎUÃG·9ªT²T«²×µZJ³¸²Z .³K .¡.³
ð
Ù«µZ ,§
òm²Z¥J )ÀcÇJºgºT¹ŁÃcJ¢ZµZ²£õ£,¤K¥g«µ_£,U²Z .³K .¡.³@«¬gµå§g©9ªZ«¦Y²Z .³K .¡.³@«Jµ«¦
¡.Jµ[Õ¤K­ .²ÓªZ .¤K t«µ)³KªZ t³N·iË£rµZ²Z¦¨§gÒ{¢Z³«µZ ·9«²Z³KªZ¦{²T .²Z¢Z¡ .²
c¤@J ¥U£,¢T¦@¦K«C£,µÕ_³@¦Æ£r¤@ [¢T«³@ f²Z«	L .¤K .µ[³3«µ³KªZ f³N·¸·9£1ÊJ ;Ð
 .µT¥g³KªZ¦1ÄZ¦K)·{ a¡1£rµZµTg³t ®[¡.¢T²Z i³@ªZ a±J¦@¦K«ËZ««¬³N¯Ó,YÊJ .¤@¯­ªT«¥gª
ÊJ .[¡«³N¯i­J .¡.¢Z £,¤¡.J¢Z²Z¦¨§g©9ªT«¦E¥U£, £,®U¯a«¦ÑÞUµZr·9µ£,¦£t¤;£r²Z«
¦Kg¢Z¤K¡. ¸¦K . Üa£1Ê[«²Ó .³a£r&§À@¹1ÁJÁ
JÃ.§tÅtµg±Z³K«¡1£râÕ_C£r­ .µ[³ª_£,¦
Ë . .µ3²T .³@ .¡³@ .²3«µ
à
ËU¯
ð
,·« â ³t£,È§LÀ@¹1ÁgÂ
JÃ;§[Åt¡.¡.J¤@²T«µZ¥Ó³@
³KªZ .ÆÄZ¦@J­ trY³@ªZ iÕC£r­ .µU³@¦gËT¦@ .¤KÊg .²Æ«µÅtË_ .9¹1ÍJÁgÏÛ¦@ . .
³KË )¡.JµZ¡. .µU³@¤=£,³K .²¸£rµZ²Æ¡.J­«µT¥c¤@Jó³@ªT ¥U£, £,®U¯·9ªZ .¤K 1£r¦
&£r«µ[³K .¤Æ .®[³K .µZ²Z .²ÕC£r­ .µU³@¦Æ£r¤@ ¸¦K¢Z¤K¤@J¢ZµZ²T«µZ¥³@ªT ¸¥[£rC£r®[¯U§
©9ªT [¢Z ¦@³@«¬gµ"£,ËJ¢Z³Û³@ªT .«¤)J¤@«¥J«µ°£,µT²´³KªZ .«¤Ó«µZÞÆ·9«³Kª´³@ªT 
¡.Ug«µT¥6¶_,·¦{«¦9µTg³¡. 1£r¤@¯­²T .³@ .¤K­«µZ ²§
»
£,±T±Z«µZ¥Û¡.J²¥U£,¦
·9«£,r·³@fË .³@³K .¤3¢ZµZ²T .¤@¦K³;£rµZ²³KªZ Æ¦@±_£,³K«C£,¦@³@¤K¢Z¡.³K¢Z¤K Gr
³KªZ )¡.Ug¬«µZ¥­£r³K .¤@«C£rE£rµZ²Æ³KÞ[µT,·«P³@ªZ 
ð
Ùö«¦i£rgµT¥­³@ªT 
ÕC£r­ .µU³@¦ÛJ¤)«µ¸³KªZ ¥U£, £,®U¯UÄ
É
£rJ ­Ø
ð
J)Ë ¦ÀcÇgºJº
TÄÑ«µ
±Z¤K .±Ã§
ﬁﬀ
ë íﬂ«¦Y£t¦@³K¤@JµZ¥iJ±Z³@«¡¨£,U«µZ  .­«³@³K .¤1§rÙtµZ¯
ð
ÙÛÀ@¹;Ð
 (   
			ﬀﬂﬁ ﬃ 
! "$#% &('*)
+ ,.-
&('0/
+
132
"
+
#46587:9;&4
-<>= ?
5
+6?A@
4B#%56% C
18@D+
40E(#%F#(G
= +
1
HAIJ0KML:NAOPLBQR6SAQTVUWQR6QAXY0UWQ[Z\NA]^Q_`P];KMRbacKML:ZdK$LBLTWQTP`P_QﬀT
KMaeRBQQfJ0g^h6Uih6UPQfSAKM]^`PQ0TWQR6g^SAQT[g^jiklTPaAQimonAHAHPp(I
XPqJrg^_
sctiuWpwvAx
g^LyKz_NAZ\{P]|Q}VL6t~L6hBQZKMjPTJQ>RBQ
QRhBNkTPaAQ\mneHAHWpwI[KMjPT
kTPaeQbQhK$]8XmneHAHAneINeR0hBUPQfTPg^LB_`PLBL6g^NAjX
^Ł P~oM~o P
Q:_NAjPLBg^TPQR[acKM];KM}cg^QLfNMNA`PRbL
KMZ\{P]^QbhBN*OQ:{NAL6LBg^OP]^Qd0
QZ\g^hBh6QRBLKM__NAR6TPg^jWa:hBN_RBg^h6QRBg;K:TPQ3jPQT*KMONMSAQAXcQSAQR6hBUPQ]^QLBL
0QZ\g^LBL6g^NAj]^g^jPQLUPQR6QfKMRBQ08K$g^j~h6QRh6UŁK$j\hBUPQ{WR6QS~g^Ne`WLNAjPQL¡ 
J0g^hBU[SAK$]^`WQL0R6Q¡K$_
UWg^jPaUKM]FKb¢X scZd£$L¡X
¤:¥¦c§§y¨©ªg^LKV_(«¬acKM];KM}ct~X­®{NeLBL6g^OW]^Q¯]^g^jWQ>g^LyL6QﬀQj°g^j
h6UWQ*hDJNOŁK$jWTPL( OP`PhL6g^aAjKM]0h6NjPNAg^LBQ\R
KMh6g^NyOQh8JQQﬀjnKMjPT
x>g|L:jPNAh\LB`c±\_g^Qﬀjch\hBN>_]²K$g^Z³KTWQh6Q_hBg^NAjX0´[`P_
UVhBg^Z\Q[UŁK$L
OQQjµTWQTPg^_(KMh6QT¶hBN°hBUPg^LzR3KMTPg^N°LBNe`WR6_QA \LBQQNeRzQﬀ}PKMZ\{P]^Q
·QR6QLfQhK$]8XmBpwvAvAueI3 lhBNTWQTP`P_QyK*LBZ[K$]|]`P{W{QR:]^g|Z\g^hNMf¸f¹
Z[KML6L¡XºKMg^jchNe{Wh6g^_(KM]¸f»V]^g^jPQ[UŁK(SeQ*OQQjNAOPLBQR6SAQTg^jVhBUPg^L
a~K$];KM}ctKM]^L6NQZig^h6hBg^jPag^j°¼r½DR3K(tc bL6QQ«fK(S~g^T\QhKM]8Xm6p(vAvexAI3X
QSAQR6hBUPQ]^QLBLbJQbTPQTP`W_QUWQR6QK:jPQﬀJ¾`W{P{QR]^g^Zig^hg^j[ZiNe]^Qﬀ_
½
`P];KMR0a~KML0Z[KML6L(X
Q[K$]|L6NK$LBL6QRBh[K*{NAL6LBg^OP]^Q[TPQﬀh6Q_hBg^Nej.g^jz¤:¥¦c§§ªP¨ª QSeQj
gF\jWN0mon(½ﬀpwI[]^g|jPQ>g|L¿LBQQj fOQ_(KM`PLBQzNM:hBUPQ¯_]|Q(K$RyLBUK${ŁQ
NMhBUPQy0mBpﬀ½BHAI:]^g^jPQ*TWQh6Q_hBQTÁÀ
`PL6hdK$ONMSAQ[h6UWR6QQh6g^ZiQ\h6UWQ
R6ZiL(X´[NeRBQNMSeQR¡ lkTPaAQ:mnAHeHWpwIfKML6LBQR6hBQT¯hBN*UK(SAQ:K[Z[KMR6aAg^jKM]
TPQhBQ_hBg^NejN$h6UWg^L*acKM];KM}ct~X0ÂcNVg|h[JNA`P]^TOQg^jchBQR6QLBh6g^jWah6N
_NAjcRBZÃh6UWg^L0TPQhBQ_hBg^NejX
¤:¥¦c§§yÄPÅÆm;¸tcTPR3K¯­fI\g^L*KÁSeQﬀR6tV{NMJQﬀRD`P]bR
KMTPg^NÁL6NA`PRB_Q
h6UŁK$hUKMT¬KM]^RBQ(K$TWtÇOQQﬀj¬NAOPL6QRBSeQﬀTÈh6UWR6NA`PaAU¬Z\g^]^]^g Z:QhBR6g^_
J0K(SAQ]^QjPaAhBU ﬂLBQQ>NAR*Q}PKMZ\{W]^QyÉ «Q(KQhKM]8XmBpwvAv$AOI3XY0UPg^L
Z:`W_
UL6hB`PTPg^QTÊL6NA`PRB_QVg^LyUPQR6QËK$hh6UWQz]^g^Z\g^h*NM[TPQﬀh6Q_hBg^Nej
g^jVrmBp
½6HAI\KMjPTzjWNehL6QQjg^jÌ0mon(½ﬀpwIﬀX´[ÍÎÏ\`W{P{QR[]^g^Zig^h
TPQTW`P_QTg^Lyg^jK$aAR6QQZiQjch*J0g|h6Uh6UWQ¯QSAKM]^`KMh6g^NAjZ[KMTPQyOct
kTPaeQimneHAHWpwI3 cOP`PhjWN_]|Q(K$RTWQh6Q_hBg^NAj[_(K$j*OŁQÐ_ﬀ];K$g^ZiQTX
Y0UWQ¿_¡«Ñ¤¥¦~§o§iÒªÓÄacKM];KM}ctJ0g^h6U.Ne{Wh6g^_(KM]0QZ\g|L6L6g^NAjÁ]^g^jPQL
J0KMLjPNAh0TWQh6Q_hBQT>g|j[0mon(½ﬀpwIﬀXºK$g|jch{ŁNeLBL6g^OP]|Q0mBpﬀ½BHAI]^g^jPQ
g^Lf{PRBQL6Qj~hK$jWT>KjPQJ°`W{P{QRf]^g^Zig^hg^j´[ÍÎÏfg^LfTPQRBg^SAQT OP`Ph
Z\NAR6QNAOPLBQR6SAKMh6g^NAjPLKMRBQ RBQÔc`Wg^R6QTX
^ÕŁÖ×W×MØfÙFFÚ[;;
­¯]²K$RBaeQjc`WZ:OQRNMhBUPQLBQ]^Q_hBQT:a~KM];K$}~g^QLKMR6QjPNAhTWQh6Q_ﬀh6QTXAÛDh
g^L{ŁNeLBL6g^OW]^QA ch6UPQﬀL6Qf_N~Ne]^g^jWaÐÜŁN$JÌ_]^`PLBh6QRBLN$a~KM];K$}~g^QL_ﬀNej~h
KMg^jPL
_NA]^T:a~KMLlJ0g^hBU:]^g^jWQLL6h6g|]^]Ph6N~NfJQ(KMshBNfOQTPQhBQ_h3K$OP]|QJ0g^h6Uh6UWQ
KM_h6`ŁK$]ÛBÝ0­f´ÞxAHMZßh6Qﬀ]^QL6_NA{QbL6QjWL6g^hBg^Scg^h8t~X
àáâ ãFäMåPæä(ä(ãFçè
Õé~lêØB ëF*Ł0oìW\MPÙF\ëíA
Ý0Q_Qj~h ¼0½8R
K(t NAOPL6QRBSAK$hBg^NejWL Oct UKMjPTPR3KP  LBQQ
ºKMOPg;KMj[nAHeHAn~ ïîNeg^aAhQhK$]8XmneHAHAneIðKMjPT ¼f´*´\½8QJ0hBNej
mo·QhBQR6LBNejyQhKM]8XPnAHeHWpM ÇYK$Z`PR
KfQhfKM]8XcnAHeHWpIñUK(SAQò_NAjc½
RBZ\QT*h6UWQb{PR6QLBQjP_QiN$R
KMTPg;KM]aAR
KMTPg^Qj~h6Lg^j*hBQZ\{QR3K$hB`PR6Qbg^j
h6UWQy_NeRBQL[NM LBQSAQR
KM]b_]^`PLBh6QRBL[N$a~K$];KM}cg|QL(XkSeQﬀjgF RBQL6`W]^h6L
R6NAZóh6UWQÃUPg^aAUÞLB{Q_hBR
KM]zR6QﬀL6NA]^`PhBg^Nej®Ý0Q
ÜQ_hBg^NAj¬ôfR
KMh6g^jWa
Âc{Qﬀ_h6RBNeZ\Qﬀh6QRµmÝ0ôbÂPINej®¼f´*´\½DQﬀJ0h6NAj¬TWNÑjWNehL6UWN$J
QS~g^TPQjP_ﬀQm²R6NAZõºPQ:¼îÛBÛ6IfNAR a~KML _N~NA]^g^jPayKMh hBQZ\{QR3K$hB`PRBQ
]^NMJQR*hBUKMjÊpﬀ½Bn¯sAQS Z\g^]^]|g^Z:QhBR6g^_[QZig^L6L6g|NejNM[Kz_NA]^Ta~K$L
_NAZ\{NAjPQj~hyg^LTWQh6Q_ﬀh6QTßg^jhBUPQz_Qj~h6QRNM[L6QSAQR3K$]iacKM];KM}ct
_]^`WL6h6QﬀR6L(Xb­TPTPQﬀTöhBNR6Q_Qj~h>TŁK$h3K¯R6NAZ÷klTWaeQimonAHAHPp(I3 ﬂjWQJ
TPQﬀh6Q_hBg^NejWLNMZ\NA]^Q_`W];K$Ra~KML g^jy_N~Ne]|g^jPa\ÜNMJacKM];KM}cg^QLfg^LbNM
aAR6Q(KMhfg^jchBQR6QLBh(Xø`WhÐÔ~`PQLBh6g^NAjPLf{QRBL6g^LBhbNej*hBUPQNARBg^aeg^j[NMh6UPg^L
_NA]^T[{PUŁK$LBQbK$jWT[g^h6L0{W];K$_ﬀQÐg^jdKa~K$Lrg^jc8KM]^]L6_QjŁK$RBg^NŁX
ÕFùlê×oFMícÙ Ù úVoìWFMû*MPÙF*MÙFü~c
Û8j>KMj*NA{Ph6g^_¡K$]^]^t[hBUPg^_3s[Z\QTPg^`WZÃJ0UPg|_
Uyg^Lh6UPQ_(KML6QUPQR6Q$ h6UWQ
0mnw½ﬀp(I6£A0m6p
½BHeIR3KMh6g^NL6UPNA`P]^TdOQbK$ONA`PhrNeR0]^QﬀL6Lh6UŁK$jdNejPQ$ 
gFiJQzKML6LB`PZ\Qh6UWQzL3K$Z\QyQ}~_g^h
KMh6g|Nejh6QZi{QR
KMh6`WR6QNeRyh6UWQ
h8JNVrÞQjPQﬀR6aAt]^QSeQﬀ]^L(Xjºg^aŁX0n¯g^L[{W]^NehBh6QThBUPQ0mon(½
p(ISeQRBL6`WL0mBpﬀ½BHAIg^jchBQjPLBg^hDtÁm;g^j¢X s~ZyX Lﬀýþ6I0NeRfhBUPQ:a~KM];K$}A½
g^QLNAOPLBQR6SAQTyUPQRBQAXYrUPQbL6h6R3KMg^aeU~h0]^g^jPQbg^jWTPg^_(KMh6QLhBUPQg^RQÔ~`KM]F½
g^h8t~X0mnw½ﬀp(Ifg^jchBQjPL6g^hBg^QLUK(SeQiOQQjÁZ:`P]^hBg^{P]^g^QT*O~tK[OQ(K$Z
_NAR6RBQ_h6g^jWaz8K$_ﬀh6NAR[ßzKMjPTVO~tVh6UWQRBQ];KMh6g^SAQ*OQ(KMZÈQ
±\_ﬀg^Qjc½
_g^QLimHPX  AnA£eHWX vWpwIB£PmHPX  M£AHPX v AIfHWX Mn hBN[OQ:_NAZ\{KMRBQThBN[h6UWQ
0mBpﬀ½BHAI[NejWQL(XY0UPQÁ{PR6Q]|g^Z\g^jKMR6t.{P]^NAh[g^jPTPg|_(K$hBQLyh6UKMh*h6UWQ
0mnw½ﬀp(I]^g^jPQrg^Lg^j8K$_h]^NMJQRh6UKMj\hBUPQf0m6p
½BHAINAjPQch6UWg^Lg^L
g^jbaAQjPQR3K$]~h6UPQ_(KML6QNARL6`WOc½8h6UPQﬀR6Z[KM]^]^t0Q}~_g^hBQTa~K$L¡ wg^jfjWQ(K$RBOct
a~K$];KM}~g^QL0m;QAX aŁX$øR3K$g|jPQöNAZ:OŁQLfp(vevAnMIXeYrUPQ0V]^g^jWQLR3KMh6g^N
KMR6Q[_NAjPLBg^L6hBQjchiJ0g^h6U.K$jÁNe{Wh6g^_(KM]^]^th6UWg^_
sacKML(XlYrUPQ[Z\QTWg^`PZ
_NAjPLBg^TPQRBQTVUPQRBQ[g^L_ﬀQR6h3K$g^jW]^t8KMRZiNeRBQ\_NAZ\{P]^Q} {WR6NAOKMOP]^t
g^jPUWNeZiNeaAQjPQﬀNe`PLK$jWT[Z:`P]|h6gF½8{PUKMLBQAXcÛDhZig^aeU~hOQK:Z\g|}cg^jPabNM
TPg	`PL6Q*a~KML[K$jWTzTPQﬀjPL6QR*_]|`PZ\{PL¡ KMjPTVhBUPQ*TPg	`WL6Q*Z\QTWg^`PZ
Z\g^aAU~hOQbTPNAZ\g^jKMh6g|jPabh6UPQQZ\g^LBL6g^NAj cJ0UWg^]^Qfh6UWg^_
s*KMjPT*L6ZdK$]^]
_]^NA`PTWL_NA`P]^TQjP_]|NeLBQ[K[];K$RBaAQR Ô~`KMjchBg^hDt*NMU~tcTPRBNAaeQjZ[KML6L
hBUK$jdQL6hBg^Z[KMh6QTX


-<ﬀﬁﬂ(+
4
1
C
1-<ﬃ !ﬁ
5
&484
+
5
@D+#"
9^46&('
@
7
++$W+
5
@
&9
"$=
9

9
+
4
+6?A@
/
+
#('
1=	%3+
1#&('
7
+18@
4B#
=
E7
@
%
= ?~+
53&4D4
+
1 )
&
?*"e1@
&l%
= ?~+l+
'
=F181o=
&
?
++
C~#%
= @,-&
Õ^ŁlêØB ëF*ŁlMPÙ dëíe
ÛzhBUPQ°ZiNe]^Q_ﬀ`P];KMRza~K$Lg^LVNAR6Z\QﬀT¶Oct¶h6UWQ°_N~Ne]|g^jPa°ÜŁN$JÐ 
JQ®L6UWNe`W]^TLBQQ KÈ_NAR6RBQ];K$hBg^NAjOQh8JQﬀQjñh6UWQ¬TPQﬀh6Q_hBQT
_NA]^TÃa~K$LVZdK$LBL6QLÌK$jWTÃh6UWQ¾¼0½8R3KwtÊTPQhBQR6Z\g^jWQT¶Z[KML6LÁTPQ
½
{NAL6g^hBg^NAjÈR
KMh6QA zKMLÃLBUPNMJ0jÈO~t klTWaeQmneHAHWpwI3X¯ø`Ph h6UPQRBQ
g^L¶KõÔc`Pg|h6Q ];K$RBaeQµTWg^L6{QRBL6g^NAj g^j h6UWQ ./10ðSeKM]^`WQLÃOQ
½
_(KM`PLBQVN$*hBUPQVTWg	QR6Qﬀjch¯ZiQh6UWNcTPL`PLBQTÃg^jh6UWQV]^g^h6QR3K$hB`PRBQA 
LBQQñôfR
KMOQ]^LBsct243]^ZiQRfm6p(vAveHAI3  øR6QaAZ[KMj[QhKM]8Xm6p(vAveHAI3 
VUWg^h6QfQhKM]8Xm6p(vAv5AI3 :·QRBQLQhfKM]8XmBpwvAveuAINeRÁ­]^]^QjmonAHAHeHAI3X
YN¯hBQL6h[hBUPg^L¡ JQ*UK(SeQy_NAZ\{KMR6QﬀTV_Ne]|TVacKML\Z[KMLBL6QL\NA`PjPT
ﬃ 
  	
 	
 ﬀﬂﬁﬃﬁ !ﬁ
"ﬀ# ﬁ$ﬂ%&'ﬁ)(
  	





 


ﬀﬁ
ﬃﬂ  !


!#"
$% &
"'

()*
 
 +
 ,&-$

 .0/21435 .ﬀ6
&
'" 78/:9<;=5 >
?@BA:C 
@BAﬁC
DFE'EG
>
?H@
3
C 
@
3
C
DFEE'G I
 &J*
/'KL M,NO9OP5
/ﬁ.RQ%5 /:.0Q%5 /ﬁ

$(,S
5 /ﬁ.RQ
ST
5U/WV,X

5Y/ﬁ.RQ
ST
5Z/BV,X

5 /
\[T
5
]^_,^ ^
L `,acb#d `fegKbh i#L +jegKbk
_
L bfegKblm
^
+ KbM Kb
_
+ K`#K
X#V-b,+M,no$Kp#KqM#L b,acb#d pfegKb m `#L njegKbr KL MfegKbs
3
Kb`i
^
KM n+p K++
^
`+b
$*t
bi
^
KuOb,+ KL `,acb#d
^
egKb
Aﬁv
M#L
^
egKb r `#L bfegKb s
A
o o o o o
]
Kb
_
i M#L
^
acb#d
^
egKb
Aﬁv
KL MfegKbh KL +jegKb s
3
o o o o o
]
K+p,n M#L i,acb#d
_
egKb m
_
L +jegKbr KL)KJegKbs
A
`i#K K++ `
^
K Ki#K p`b
w
i#Kp` KL nacb#d `fegKb
Aﬁv
`#L ifegKbr KL njegKbs
3
o o o o o
]
Mp
_
M#L `,axKL bfegKb
h
o `#L MfegKb s
3
p,n KKb K`M K`i o
]O_
M
_
+,L p,acb#d
^
egKb m
^
L njegKbr KL
_
egKbs
A
o o o o o
]
+ib
^
L b,acb#d `fegKb
m
`#L bfegKb r KL
_
egKb s
A
^_,^
K
_,^ ^^^
K+b Mbibb
]^_
n+
^
L p,acb#d)KJegKb
h
o o o o MM Kb#K o
]
i,n yzi#L ifegKb h o o Kb,+ p` Kbi K`#K n{i
w|^
`,n y
^
L njegKb
m
o o o o o o o
]^
p#K y}KL KJegKb
A:v
iM#L pfegKbr M#L
_
egKbs
A
o o o o o
]O_
MM y}KL KJegKb m o o Kip KM#K K`
_
KKK o
$*t
bM`p,uOb,n yzp#L ifegKb
m
n,L)KJegKb
r
KL)KJegKb
s
3
o o o o o
]
p,+i yzp#L `fegKb
h
o
^
L bfegKbs
v
o o o o o
]
K
__
i y}KL njegKb
m
o~KL
^
egKbs
A
o o o o o
]^
b
^
p y}KL +jegKb
m
o i#L bfegKb
lm
nnn Ki
_
M`#K Kp
^
nnb
.ﬀ<` yHn,L
^
egKb
h
o n,L bfegKb
lm
K+n K+,K K`
^
Kni o
]^
KM
_
yzi#L
_
egKb
m
i#L ifegKbr KL MfegKbs
3
o o o o o
]^
KM
^
y}KL ifegKb
m
o o `,nb Knb `
_
p K+
^
o
]^
KM,+ yzM#L `fegKb
h
o +,L bfegKb
lm
o o o o o
]^
Kn,K yz`#L KJegKb
h
o n,L ifegKbs
v
o o K
__
KM
_
o
]^
Kpp y
^
L
_
egKb
h
o `#L njegKbs
v
KnM KM` p,+ K
^
M `,+{bb
]^^_
K y}KL `fegKb
A:v
o o o
^
b n` o o
]^
`#Kp y
_
L
_
egKb
h
o KL bfegKb
s
A
o o o o o

T,(]
y}KL MfegKb
m
o
_
L njegKbs
3
^
MM K`,n
^
M
^
K
_
+ o
]^
M
_,^
y}KL
_
egKb
m
o n,L ifegKb
s
v
o o o o o
]^
np,+ y}KL ifegKb
m
i#L MfegKb
r
n,L
^
egKb
s
A
^
+,K Kn
^
o o Kiib
]^_,^_
yH+,L
_
egKb
h
o `#L `fegKbs
v
o o n` KKM o
]^_
`M yz`#L
^
egKb
h
o `#L +jegKb
s
v
o o o o +
_
n+
]^__
n yH+,L pfegKb
h
o
_
L bfegKb
lm
o o o o o
8=%BfŁ-



 
6X
$

"'




"








6
&#

L#ﬂﬃXJ"2
=
 !J

 &J
 !

F)"F)




B

$gﬁ
6
"
{
L%/'Kppp,5$L.

g6#
X

2 "2

!
$
"'


!J6
,{
 !
(
6,
&




B$
/K5%



g
"

L|/Kppi,5

!J6/
^
5%

 "'
<
"

L|/Kpp,+5L
ﬃ&
'"

'



ﬃ

 &=
"
6
B}_
b

6

"


X#


6 !86
(

\/
^
bb#K5

'
&=
 !
(O$F:
`,nL
|$	 B¡$z¢R£,¤¤\¥|¦f§-¤$ B¡ B§#¨H£¡$¤ﬀ©#£,ªB«¬£,¡¥­¡f£¨j®=¤ﬀ¡$§¯£¨
°
 B¨|¤¡$ B¨}±4²|¤$©#£,¡§#³´µ£³  B¢0£¶#ﬀ¥j¦|$§·¸¡ ¹§-¨º£,¨¬£,ªB³=¤$ B¤
¢R£,¥|\²=³R»¼| B¡4½¡£ª¾f¿ÀÁ-Á#Â#ÃÄ|¤ÆÅÇ ¹¶¬¾¬Èj¾ÊÉ<|\¸§-¢Æ¦¬£, B¤§#¨
 B¤	£,ªB¤§­¥|§#¨|¯ B¡UË
Ì
 B¤¤$«|ÎÍF§#¢Ï£zÐ<±Ñ=ÒﬃÉÓ§#²|¤$©#£,¡§#³
¤¦f£¡$ ﬁ£,ª£¨f£ªB³J¤ B¤²=³}Ô8$¤4¡4£,ª¾%¿ÀÁ#Á-Õ#Ãﬀ£,¤¤$|§,¨H§#¨ºÅ8 B¶¬¾
Ö
¾fÉ<|¤$×¡O§ﬀ¤£,¢¦|ªB¤<§ÍØ¢R£,¤¤¥j¦¬§#¤ B¡$ B§-¨R£¡$¤Ä¬©#£,ªB«¬£,¡¥
ÍF§#¢Ù´µ£³R¥¬£,¡£|Ä¬¬£©#²¬½¨ ¸|§#¤¨Î²¬¸£,«|¤$ﬀ¡$|³	¸§#¨=¡£ B¨
¡jªﬁ£,¶#¤¡\¨J«|¢ﬀ²¬½§,Í¤$§-«j¸¤ B¨Î¸§-¢Æ¢§-¨0 B¡¯¡j¸ªB«|¤µ
¡½¤§#²|¤$©#¥HjR B¨­Ú±¾ﬃÅ|§#£Û¸½§-$ªﬁ£,¡ B§#¨­¡½¨|¥z¡$§²f
½ªB©#£¨J¡Ä-¡$|£, B¢Ü<£¤x¿: ﬁÃ8¡$§f£©#4£| B¶#¨=«|¢²¬Ø§Í%¤$§-«j¸¤
§#²|¤½©#¥	 B¨²¬§#¡RÚ<±Ü£,¨|¥´<µ'£³=Ä# B¡Æ¶J£$¥|¤4¡$§×¡$|4Í£ ¹¨=¡
¥|¡$¸¡$ B§-¨ÝªB©#ª B¨ºÚ±Þ£¨j¥ß¿: B WÃﬀ¡§­¸§-¢Æ¦¬£,Îà¯¿:áâÃ B¡
Ë
Ì
¥| ¹©-¥RÍF$§-¢ã§#¨|¢½¡|§J¥R§#¨|ªB³	¿ﬁ B¡0¡|\¤£,¢4¸½ B¡½ ﬁ£
ÍF§#£ªBªä¤§#«|$¸¤Ã¾»¯\¸£,¨¤$£¡½¨|¥Î§Íc¸§#½ªﬁ£¡$ B§-¨	¥j§R£,¦=µ
¦¬£,Ä=©#¨ )Í8¡|½£,4©#³\ÍFH¥f£¡£å¦f§- B¨J¡¤{¾É| ¹¤ﬃ¸§#¨=æ¬$¢¤
¡j$ªﬁ£,¡ B§#¨ﬀ²¬½¡'c¨	¡|¢0£¤$¤O§,Íä¡|¸§#ªB¥¸§#¢¦¬§#¨|¨J¡£,¨|¥
¡j×¢0£¤$¤¥|¦¬§#¤$ B¡ B§#¨	£,¡£ªB$£,¥|³¨j§-¡$ B¸¥Î B¨
°
¥j¶-0¿2ç#è#è|ÀÃ¾
é\£ªﬁ£,êJ B¤åÍF§#| B¸­¢£,¤«j¢½¨=¡$¤f£©#²¬½¨H¦¬§#¤¤$ B²|ªBªB B
¸ªB§#¤Æ¡§¯àRëìíîÀïÎð
Ë
Ì
ðÀé³JR¿ﬁªﬁ£$¶-¤³J¢ﬀ²¬§#ªB¤Ã½¾¬É|¨Äﬃ£¤µ
¤«j¢ B¨|¶¯¡f£¡Æ¤ B¢¦jªBR¢§J¥|ªB¤§Í£ ¢«|ªB¡$ B¦|¬£,¤$ñ¬§,ÙO§#«|ªB¥
ªB£,¥Î¡§R£,¨	 B¨=¡$¶#£,¡¥Î¢R£,¤¤4¥j¦¬§#¤ B¡$ B§-¨	¦j§,æ¬ªB§ÍØ¡j×ÍF§#¢
Ë
Ì
¿'òÃó4ôäÄ# B¡0õÛöÀ#¾-»¯4¬£©#µ©#£,ªB«¬£,¡¥<¬£,¡OO§#«|ªB¥
²¬¡|÷Ë
Ì
 B¨|¤$ B¥|¡|0È-è,¢Ù¡½ªB¤¸§#¦¬R£¥j B«|¤ B¡$z£¤$ B¢¦|ªB
¤$¸£ªB B¨j¶ﬀ²J³ﬀ¡j\¸§=§#ªB B¨|¶£,¥| B«j¤¡§¡|Ú±Ý£,¥| B«j¤£,¡ ¹§¬¾=Éj
¸§#$ªﬁ£,¡ B§#¨¤$¡ Bª¹ªﬃ£,¦|¦¬£,\²|«|¡¡$|ﬀ¸½§-ªB¥	¶J£,¤å¢0£¤$¤¤¥|½¡¸¡$¥
£,­¨|§,ø¸½ªB§-¤$ ¡$§ºàRëìíî
Ë
Ì
ðÀè#ïÛðxÀé³=­¿ﬁ¤¢R£,ªBª¤³J¢ﬀ²¬§#ªB¤
 B¡$¶#£³ﬀ²f£¸®=¶#§#«|¨|¥fÃ¾=Éj¤¢R£,¤¤Ø¥|¦f§-¤$ B¡ B§#¨£¡$¤4¬£©#
¦|$§-²f£²jªB³	²¬¨¯§,©-$¤¡$ B¢R£,¡¥Î²J³	£²¬§#«|¡\£ﬀÍ£,¸¡§#\ùµÀèjÄÊ¤$
àR¸ú£,¢R£,£\¡4£,ª¾%¿2ç#è-è#ç#ÃÄ#£¤ä¤«j¶-¶#¤$¡¥²J³\¡|<¸¨J¡O´µ£³
§#²|¤½©#£¡$ B§#¨|¤ﬀ²J³HÚOf£¨j¥|££,¨|¥´àÛàµú4<¡§#¨Ý¿:#¾ ¶¬¾ﬃÒ4²¬½ªBª
ÀÂ-Á#ùO B¨\Å¬£,²| ﬁ£,¨Rç#è#è-çJÄÒ4²¬ªBªJç|ÀÁ#ÁO B¨û-§#|¨j¤¡$§-¨|\¡x£ª¾%¿Fç-è#è#ç-Ã
§#Ò4²fªBª
Ö
Á#ü B¨¯ýþ«j¦|®#ßÜ»}j B¡¿Fç-è#è#È-Ã$Ã¾%Éﬃ£,®= ¹¨|¶ B¨J¡§R£,¸µ
¸§#«|¨J¡ﬀ¡j	«|¨|¸½¡£, B¨J¡'³§-¨H¡$|R¸§#¨J©-$¤ B§#¨HÍ£,¸¡§#ﬀ²¬¡O½¨
áâ£¨|¥¯Ú±Ä8£¤\¥j B¤¸«|¤$¤¥£,²¬§,©-#Ä¬¡jﬀ¸§#$ªﬁ£,¡ B§#¨Î B¤ B¨Î£,¸µ
¸§#¥f£¨j¸< B¡}£Î¸§J§-ªB B¨j¶Î¤¸¨f£$ B§z B¨H<| B¸|§#¡ﬀ¶J£¤ÆªB£¥
¡$§Û¸½§-ªB¥Î¤«j²|¤$¡«j¸¡«j¤R£,¡\£,¡¥|¥|«j¸¥z²J³Î´µ£³	§-²j¤$©-£µ
¡$ B§-¨j¤£,¨|¥¥|½¡¸¡$¥Î| B¨0Ú± ¿BÍF§-<£¨0£¤$¤«j¢¥R£,¶-4§,Íä¡j
¸§J§-ªB B¨j¶× B¤x£åÍFÝé³=< B¨¡j¸½¨=¡$£,ªÇ$¶# B§-¨j¤Ã½¾

«|¡R¢R£,¨=³¯¶J£ªﬁ£,ê= B½¤× B¨}¸§J§#ªB B¨|¶Îñ¬§,ã¸ªB«|¤$¡$¤R§#²|¤$©#¥
|½#Ä-¥j§å¨j§-¡8¤$|§,HÚ±}½¢ B¤¤$ B§-¨ªB B¨j¤¾#éå B©#¨\¡jOÍ£ ¹¨=¡8¢ B¤µ
¤$ B§-¨¡¢Æ¦¬£,¡«j#Ä, B¡g B¤ä¦¬§#¤¤$ B²|ªB¡$¬£,¡ä¡|<¸§-ªB¥¶J£¤ä B¤ä¦|½¤¨J¡
²|«j¡ﬀ B¡$¤×£¥j ﬁ£¡$ B§-¨­ B¤²¬ªB§, ¡jR¥|¡$¸¡ ¹§-¨}ªB B¢Æ B¡¾¬Ò4¨H£,ªB¡$'µ
 (   
			ﬀﬂﬁ ﬃ
 	 







	ﬁﬀﬃﬂ !
	
#"%$ &
ﬀ
ﬁ&('
)	*ﬀﬁ +
ﬃ',
-	./
$ 
0214365	785:9<;)=	>
?ﬁ

#"

	
ﬃ
)@	
'A$


&BDCE$.'
ﬂF
HGI
ﬀ
'J'

LK
M
'
ﬂ

N
,PO(ﬁG


A$.'A$


&
ﬁ
'ﬃJO(O
+Qﬀ
O
?ﬁ
SR
$ &Qﬃ'ﬃﬁ$ &UT#V
)	W
O

'
XYW[Zﬂ
$ ','
	!\6],^__a`b\c
'
ﬁ
$
-	ﬂ
'

$ &B
?)
d
$
-	ﬂ
'e'





'
	

!
	
9<;)=	>ﬁf
^	gih K
M
hj^	klWnm
9<;)=	>ﬁf
^oagih K
M
hj^	klWp
&BO
9<;)=	>ﬁf
K
M
hj^	klW
0214365qr59i;ﬁ=	>
?ﬁ

2"

	
ﬃ
)@	
'A$


&BcCj$ '
ﬂs
AGI
ﬀ
' '

tK
M
'
ﬂ

N
,uO(ﬁG


A$.'A$


&
)
'ﬃvO(O
+Bﬀ
O
?ﬁ
Fw
"
axzy
T#V
)	W
O

'
c(W
{


|'
	4\*],^__ab)\
}r~aﬁ?(<?uﬁIcQ~au?v}IYu	Q(?	?8	}Bﬁ?~a??Ł:?}~a?|	?8ﬁ)	ﬁ
alB~4~B?			}Bﬁ	)I	r	}8I?}8c(}ﬁIv	}BQ?)Y}I<	}B|ﬁI
	BY??}I6!	Q?)ﬁ	}I	v(l}IY2~a}cNJH(ln8~a<8?n
r?6 ¡a¢6£H¤.¥a¦¨§n©«ªu¬2­
®
~a}QŁﬁ)88¯	I	Yn?Yrn°)			}Bﬁ?Ł±~aﬁu~a²Q?}I<?}Q)c~a		(8}Q
8~a)?}8³<nr~a}8?)<?}´	Q(??}8Xrae)r~ae	(8?µ)?
8a}XﬁI	BY?¯}8J~a}8P	(	}Q)r~a??ŁJﬁ)YX?8?Di?YB
	B8!~a?}eﬁI%!~a²¨ap¶·¸	<?ﬁ)?(}¨?}e)Y<auﬁ8:B~4~(¹
?	pYºIﬁ	)Y	eI	ﬁ(#»ﬃ<r()~a}Qu~ºIﬁ(ﬁIﬁ?(}	(8?~¯ﬁ:8?8
ﬁIJQ~a¨?ŁB?}8P?}µ~P	(?8	¼¹,~Ł½86~)(<¾jBŁQ)?~ac	(}Q¹
8?)?(}8%¯}½ﬁIe		}Bﬁ~c)	Y¯Y}8~aﬁe		)~a?}8?ŁX(	ﬁŁ	Yp¹
8?n*v~a}8ﬁ?<I?%nQ(??}8P~a8r~aﬁsﬁJºr¿?}8ﬁBÀ<	?	}B±ﬁ
	B8!~a?}J 8?).¹ﬃ~(	?	}8(ﬁsYºIﬁ	)Y~a)?Y}I¶lr~a}8I~?Á~(	
Aﬁ(ÃÂr~aº8!~a} 	N~aﬃrAÄYÅ(Å(ÄY(Æ(YI}8ﬁ)Y}In~H*HÄ(ÅYÅ(Ä(lr~Y
r(?}Q)	J(8c8(?	<	(?}8n?8	}Bc?ﬁJ~I??(ºr	~a}8enY?
Aﬁ(}Q) )8a?}8:)8c?}Bﬁ	~	)?(}ºr	ﬃl		}¿ﬁ8c~a8?ﬁ(8)	
~a}8Çﬁ82?}Bﬁ~¹ﬃ	?8)ﬁ	z<n8?8X!( 6È?}ÇÉŁB8~|uÊ)8l¾z	)ﬁ	8
	?Iﬁﬁnvºr	?ÌËÊÍ(Î(Ï8ºr	?iÄ8ËÎ(Î8ﬁI¨Ð?ﬁ(J	?Iﬁﬁn	u»,
ﬁn	<v)r~av)8<~a8?ﬁ(8)	c~a}8cÑ	)vnYI?%I~uﬁI<B~
?)¨ﬁIQ²Qc~a}8¨)?(}8.Òr~a}Bﬁ?Łs8		)~):ﬁ8	BY¯?}8:~aﬁ	
HÓN~B?<	N~aﬃQÄ(ÅYÅIËaÕÔ|aÖ8((	}	~aﬃ*HÄ(ÅYÅ(Ä(,nÕÔ|	ﬁ?I	jÍIË ×
az		}Q)~arÓeB~!~aBŁ?}p	Q(??}IØ6a	?8)ﬁ	))8ae~ﬁ)ﬁ(}8
~a8?p~a	ﬁ?B?,Łp	(<r~aﬁ	iﬁpÄYÙ(×ÚA(l}IY}B¹,	B(??}8Çrae	?8ﬃ¹
)	Óp!Ô~a?*	~aﬃ*ËÊÎ(Î(Ùa	rc	(ﬁﬁn!~)?Y}6~Nºr	n}°A(8}8
8nﬁ:ºr	ﬃl		}J<(?		I!~uB~<Á~)ﬁ	i~}Ie~a8?±ral	Á~
Ë( Û<NÉÜÁÝﬁnvÒr6rÏYnÞß	Y	)ﬁI	?	ﬁÈ?)		<N)r~H(ﬃ~a?}Q
~8¯¨ﬁ(8)		ﬁI%ra|	:~±Ë( ÛBàÉÜ:?}I	ﬁ~aﬁn°¯ﬁJﬁI
	(?J<(?		8!~apQ~a<c~aﬁi8	ﬁn	ﬁ	Õà~a}8eA(<ﬁ)ﬁ(}8(	~¹
8?J)(8ﬁ	n
®cá	ânã
8	nﬁ~aﬁ	8	}XﬁI¨~a8?Jra|	:?}Q¹
	)~)	<äI?¨?¨nY}8)?ﬁ)	}Q?ﬁå~Ú)	.!¹ﬃﬁ	(8!~aﬁ	´8~a,¹
?}8±<B8	|ral	ﬁnJºQŁ¨~:		}Bﬁ~ßàæA~iﬁ8((	ﬁ)	JºQŁ
ÔNÖ(8)?}8(		N~aﬃ*AÄYÅ(Å8Ëﬃ	Ô|828~aﬁ?}Ià)8»)¶
®
?E		)~a?}8?Ł
8IﬁuﬁI~a8?Ç?Yº6	#	Br~a}8)?Y}i8(ﬁ	}I	ﬁ(Ł ?|}8(#(}8?Ł
??}I²Y	iﬁ )8Ç~a8?ural	È
021?3r5	ç85(9cè8é6ê
@



+

)
O$


G


CE
E
'
^\ ëklìlí\ayjﬂ


j$ *&

ﬀ)

	
ﬀ
	ﬃ

.
'A$


&

'ACEﬁ&
à
	

ﬀﬁ+(.	ß-Ê

N
,ﬃ

&QO
ﬁ
Oa$

Nî(+Q/B\
r.ïÞ#ðzñQò)òﬁ¡aó.¢6£H¤.ñI¥Qôuõl¤!£Aö± ß÷s¢B¥8ø±ù«úû(üﬃý
äI<Y?n	8!~a BŁQ8)(Y	}eÁ~) ~a8rÈ~)cﬁsºr	Y)ﬁ	!~a)	
?)¨)8~a<YI}QÇaN?Y}I?Ü		B~a!ﬁ	:Âz?r2þYn#ßjB	?~)?Y}
8)Q	nﬁﬁnl?~a8?}8ﬁNﬁI#B~aj	i?ﬁ)?Y}	(8?uºr2ﬁ8|~a<EAY
)8lﬃlIr~)	ä8|É <	<?)ﬁ?(}N	(8?Ç	(<A)YP)8Q²Yn
	BY??}IQ~aÈÈäIlB~Ec~Ł~a?ﬁ6~Y2ºr		}p?Y}I?Ü		NAﬁ(ÚÁ~ﬃ¹
)?Y|ﬁ~a)jºr(ﬁ}u?}p~ﬁ~)º88)ﬁ2ﬁ)?Y(	)	 ºBŁà)8	B(??}8l6à
äI<ºr	)v??}I~NÒruºr	ﬃl		}sﬁI<,|	(<r(}8	}Q)Ç?I?Yﬃ¹
)	?}8	?8I?}8u8)	Q?(8I	ﬁ		)?(}8N2ßE8(pHÄ(ÅYÅIË	*AÂ?(8)
þ(	QÉ~aﬁ?}IvºBŁ<~ÇŁY(8}Iv)~alr(8I!~)?Y}i?laAﬁ	}iﬁ8((	ﬁ)	
!ﬁ	cÆ(YI}8)ﬁ(}8Ç	N~HrHÄ(ÅYÅ(Ä(ﬁn»ﬃ}ﬁ6~uﬁ	}Iﬁ(#(~a8¯	}Q)va
<	~a???	?ﬃŁ<8	I8		:Aﬁ(¸¶lr~a}88~<(º8ﬁ	)(~)?Y}IN	YI?:ºr
	B8!~a?}8	uºQŁQ»ﬁ~?}Ñn	ﬁ?(}Ç*i	~aY?}uﬁIl		}Bﬁ~6Q~a!~aQŁ
!?ﬁc)8N	(}88?)?(}<E)Yi	Qr~a}8YNaEﬁIàB~a~al8Þ	,¹
	}B~a8?I8~a}8c) ~Çr(ﬁﬁ?ºI?N<?B?}8NEI*	ﬁn}QIr~aﬁ	a
)8<B~u.)8	Łs~)<8)	ﬁn}Q	#äI<	(?%B~u8	)		)	¨8	)
<?(Bàº6~«)	ﬁnﬁ(Y?i~Y~a?!~aº8?ÇAYuﬁI¨~)~avA(ﬁc~aﬁ?(}
8)Q	nﬁ
äI ?}Bﬁ~	?Iﬁ)	B~aNﬁ8(8?:ºrp8	8¯	ﬁ	±?}:88)E~Ç~
(?Yn}<	~¯??	?,ŁBr)?}8	c?}sﬁ8Á»ﬁ¶
®
	}BQ¯ﬁ(}8<	}Bv~a}8s?ﬁ
8BŁQ)?~al	(}88?)?(}8*ﬁI<ﬁI8ﬁ)	ﬁ¯}8:ﬁ?<ua88)Ç?vp8
)8Y)ﬁ	N)r~a}cﬁIIŁQ}r~a<?È~r)?<(QäIB~a	(<?}8ÇAﬁ(F~
	BY??}IraÇY~a?ﬁÈ~IŁ ~a#?as<	~a???	?ﬃŁB	?#)8(8(Q2ﬁÇr~(
~Ç!~)Yﬁ	!~aﬁ?(8n8?	)?Y}<¯}<88)Qä8	ﬁH()(6)8	Br		)	
~)?vºrn,ln	}ﬁ8Ç¶·P<~a)8ﬁ	ÁQ~al	(}Q)	}Qß~}Icﬁ8NI8ﬁ
	(}Q)	}QA)YF?)ﬁIº8<????p	ﬁnl(Øﬃ~a,¹ﬃ?}BH~aﬁ		<?)ﬁ?(}c?
!~aﬁ((*Ó8ﬁNc~a)ﬁ	ÈÞI	ﬁ?(	:H)(F»~aﬁu	(~?6~)	AY
ﬃl¨~a)ﬁ8i	e88)<)	<r	~)8ﬁnä	

ã
Ù(Ïs~}IeÛQÅp
äI	ﬁ	Á~)ﬁ	~)	(<r~aﬁn ﬁu	(? B~2c~aﬁ)	l(}<Âz?6YÍI
ﬃ 
    	
 	
6 ﬀﬂﬁﬃﬁ !ﬁ
"ﬀ#e ﬁ$ﬂ%&'ﬁ)(

	 


ﬀ


	ﬁﬃﬂ "!#ﬁ
%$'& (
ﬂ
ﬃ(*)
ﬁ+	,ﬂﬃ -
 ).
ﬁ/	0	1
&  2
3547698:8<;>=@?*A"B

B@-Cﬂ

B!DﬁﬃE-Fﬁ
5$

.
ﬁﬃG	
)H&

(I
G

ﬁ

-
KJLM
N<
O )
ﬁ+	
&
/
)

& (I


ﬁ
O&0
	QP
)R)

)


B
ﬀ).
ﬂ
)S&

(
	
(
B"
& (*)
!<B
+T
) 
ﬂ
)H&

(VU

& (*).ﬀMXW
	
)
	"!Dﬁ+YZB*/
K[H\]]F^_
	ﬁ
U
0
) ) 
B
MXW%&
	K
(
B

C	
U`
B	ﬁ
a)


B
) 
ﬂ
)H&

(I
	
(
B
)
ﬁ
&
	
(
/

	ﬁ
)


-
U*U
ﬁO
&

&0) ﬀM
b
U*U
ﬁ%
&

&0) c<
ﬁ
%(

)%)
	d
ﬃ(e& (*)
K	ﬂﬂﬀ-
(*)5& (")


P
)M
N<

ﬁ
%&0
	
ﬂﬃ

	ﬁOﬂﬁ ﬁ

0	
)H&

(

)Hcfﬀﬃ(gJ
L
 -I
& (

S& )Hh
	
(
Bgﬂﬀ0Bg/	

Q	
  ﬀi
& (
	/ﬁ
ﬀ

ﬃ(*)Rc<&0)

U
ﬁ

G
&
-

B
ﬀ).
ﬂ
)S&

(CﬀM
j kQlnmlDogprq*sﬃkﬀt
uIkk+q"uq*kﬃlDvxw>yq@z{o}|vy~`|mﬃkKot@m+mylD*yD}~w
prwu`~m%q*ue~|m+kfk+wogprwsﬀt@kﬃ|s+w*
y`wRIt
m  kﬃq@.~`|mﬃk<sﬀt
k+lDqHqFs<rq*kﬃy
~|`mﬃk"k+wogprwxst@kﬃ|s+wt@sﬃwgy`lDFyX|`k>rwnq
zŁKD@@fOq@zRw*ws
q*uDjﬃKV~rt@ktyrt*wgrwwu|m+w~yws+w*%kﬃsﬀt
vxlDuVkﬃy`wgzt@sﬃo
~|`mﬃkIlDFu`l0rvt@uCkt
oqF|`uCkeq
avq*D~~|`mﬃkgolDFyIk>9wpsﬃwm+wuCk
t@mOmﬃ|**wmﬃk+w~CgI`RO R¡~wk+wvkﬃlDq*umKlDuOrwD¢¤£*¥*¦
OrwD§F¥*¨FQ©Sªf~`Fw«wkRt@ C¨*¨F¨*¬@q*sﬃwRDq*u*ws<zt*wDwu*kﬃyeq*C
mﬃwxsﬃ*t
k+lDq*um"t@ke£F¦*­,o®kﬃsﬀt
vlDu`kﬃylnmvqIqF¢~|m+k>z¢qF|`D~Vrwgq@
*sﬃwt@kalDuCk+wsﬃwm+k,¯OwFwxsﬃkﬃy`wDwm+m>k+yw>ot
m+mOkﬃq~`|mﬃkKsﬀt
k+lDq"Hq*|u~
yws+wKt@sﬃwOuq*k<lDuvq*ogprt@kﬃlnDw%z«lDkﬃyt°vxqCq*DlDuO±rq@z²qFs+lDFlnu>q@,kﬃy`w
ogq*Dwv|`#t
s¢Ct@m ¢wmﬃlD~wxmrkﬃywxsﬃwalDmKtk+sﬃwu`~Vq
<vq*sﬃs+w#t
k+lDq*urw
k zRwwuVvq*D~Ct@mOot@mﬃm+wmKt@u~~|`mﬃkKot@mﬃm+wm|`kKzlDkﬃyt}#t
s+Fw
~lDm+prws+mﬃlDq*uZj.uIHst@sﬃw~wxoglDmﬃm+lDqFu}oglD*yCk<rwKkﬃlnw~gkﬃqemﬃkﬀt
s¢HqFs+ot
kﬃlnqFuZ,j u³k+yrt@km+wum+w*f´ZlD9Xµgvq*|D~t@Dmﬃq9w"lDuIkﬃws+psﬃwk+w~t@mat
prq*mﬃm+lDDwevqFs+sﬃw7t
k+lDqFuVrwk zRwwxu'It
mKvq*uIkﬃwuIkat
u~Vm+kt@sOHqFs+ot
kﬃlnqFuZCp`sﬃq*rt@Dg*ws+t@vkﬃlD*wat
m«zRwKyrt*wOmﬃwwuVps+wClDq*|m+DI
¶r·#¸`·X¹rº`»@¼#½S¾@¿ÀÁg¿¾I½H¾
»I½H¾
¿²¼0ÂÃKÄ#Å
Cq*ogwÆq
EqF|`sÇmt@ogpDw®It
#t@ÈIlDwmÇyrtFwÆmﬃk+sﬃq*uÉogq*Dwv|I
#t@syIC~s+qF*wuÉwolDmﬃm+lDqFuÊlDuËkﬃy`wÌ®­,o +Í§©ﬃ¬DlDuw*
©Sª<Dmﬃk+q*u³Î¡t@DqFu`w¨*¨FID¨F¨@ÏI¬Ìy`lDmÐwÈIvlDkﬃw~ÑCt@mÐlDm
kﬃy`qF|`FyIk"k+q³9wt
m+mﬃqIvl#t@kﬃw~k+q'k+ywvqIqFnlDu±rq@zafm+lDuvwlnk>lDm
uq*ke~wkﬃwxvkﬃw~lnu'uq*uC vqIqFnlDu"±rq@zCt@#t@ÈClDwmKq@Om+lDoglD#t@s. k Cprw
©ÒItÓ,weÎÔ ¢sﬃwogwxse¤¨*¨Fµ@¬xQy`wsﬃw*wt@g~|m+k.u`w|#t@sVr#t
ogwuIkﬃm¤*wsﬃKm+lDoglD#t@srkﬃqOk+yq*mﬃw¢~wk+wvkﬃw~}lDuawt
s+DKk.IprwRIt@#t
ÈIlDwm
lDumﬃot
D9Fs+qF|`pmOw* 9ÕKqF|~IHsﬃqIqFl ÖÎ¡<sﬃlDuvﬀylDws+l5¤¨*¨*£Crt@u~lDu
lDuIkﬃwsﬀt
vk+lDuIt
m  sﬃlDvyVIt
#t@ÈIlDwmrywer#t@ogwuIkﬃmKt@sﬃw}wÈCk+wu~wx~
q@Fwxs>×IlDDqFp9t
s+mﬃwvm%t@u~kﬃywxlDs>y`wt
k+lDuVmﬃq*|s+vwlDmauq*k>×Iuq@zuZ
wvwuIkﬃDIaØOqFu9t
yI|wKwkOt@ ,©S**F*¬yrtFw²ot@pprw~k+yw×Iprv
mﬃlnÙwgr#t@ogwuIkﬃmKlDuClDsﬀt@kﬃlDq*urt@DDF wÈIvlDkﬃw~VKÚ"lnu'k+ywgvq*sﬃwmeq@
It
#t@ÈClnwmgvwuIkﬃws+m³q@}OrwDeF¦*¨*µÛt@u~{Ü<ÝaÔ*µ@ÏC¦x¤¨`zlDkﬃy
ylD*ymﬃprt@kﬃl7t
5sﬃwm+qFD|`kﬃlDq*uZ,ywVyrt*wgt@DmﬃqHq*|u`~³~`|mﬃke#t@uwm
zy`lDvyÛt@s+w"q*pkﬃlDvt
DDk+ylDvﬀ×³k+qF Þ
­,oÇwoglDm+mﬃlDq*uZvq*uC9uw~²kﬃq
kﬃy`w'vwxuCk+st@HwzÇ×IprvmKªfÈIvlDkﬃwx~{KÚ³ps+qC~`|vw~¡~lDs+wvkﬃnC
kﬃy`wvqIqFDlDu`±rq@z®mﬃwwom³~`l0ßgv|`DkOmﬃlDu`vwKÚÛlDmo}|vykﬃqIq
D|olDuq*|m*Cgt@kRnwt
m+kOaqFs+~wsﬃmq
<ot@*ulDkﬃ|`~w*Fj kRvt@uu`qFk9w
OÕK¯p`yq*kﬃq*lDqFu`lDÙt
k+lDq*uqFsK t
m+kamﬃyqIv×Im>rwvt
|`mﬃwk+yw"Kà<á@KÚ
354D6r8â8r;ãﬃäå<K

ﬂ+-F 	ﬁO
h
B@ﬁﬃ/
+(
K	
.
/
&
G
ﬃ(

h}5$


	

-*ﬁ
ﬃT

ﬃ(*) 
	

	>!D-
(
ﬂ
)S&

(
!%;æﬃç
åHè

)
	
& (I
B!DﬁﬃEéÒê5ëgB*	
)
	
M
N<

B@-
 )
K	
.

&
/*
h
B
+Uﬃ(
B


()


B@-
 )K).

U
ﬁ+	
)
-*ﬁ
"c

&
ﬂ.
&0
-
(
d
(

cf(r)


B
-
 )K).

U`
ﬁ+	
)
-*ﬁ
&0Kﬀ.)H&
K	
) 
B
)
}ì@íîï
()


-
UFU`
ﬁ<PC/-*ﬁ

	
(
B
)
ð
]
îÛ
(a)


PI/-Fﬁ



0
cM
Nf
% )
ﬁ+	
&
/
)

& (I
ﬁ
ﬃU
ﬁ
 ﬃ(*)
/	
f)
B@-
.)
ﬁﬃ	
)H&
O!
\]]a[
B*	



B
_+i
í
]]K[
!D-F 
_
	
(
B
^
í
]]
[
BF
) ).
B
_+M
Nf
f) 

U`
ﬁ+	
)
-*ﬁ

-
(
ﬂ

ﬁ
)
	
& (*)H&05
1@ﬂﬃ -CB

	
(*h
ﬂ+

	ﬁ<ﬂ
(*T
ﬂﬃ -
H&

(
	-
)R)


ﬂﬀ0B"/	

ﬁ
&
/
& (9M
sﬀt
k+lDqFmKt@sﬃwak+qCq"nq
zQ§ª<ÈCk+sﬃwowDgm+Dq
z{m+yqIv×Cm}© ñòÏIe×CoómxôXõ¬
ps+qC~`|vwmﬃlD*ul09vt
uIkﬃD²ylD*ywsg°Ú¤á@Kà¡st@kﬃlDq*mgk+yrt@u~q' t@mﬃk
m+yqCvﬀ×Cm°t@u~t@sﬃwogq*sﬃwvq*um+lDmﬃk+wuCkzlDk+ykﬃy`w'q*m+wsﬃ*t@kﬃlDq*um
 R|`kRm+Dq
z²mﬃy`qCv×Imt@sﬃwODwxmﬃmRwßvlDwuIkFy`wogq*mﬃk<DlD×*wDamﬃq*D|k+lDqFu
lDmOö®lDsﬃsﬀt@~l#t@kﬃlDq*uC*ws+{yq*kmﬃkﬀt
s+mlDogpnlDw~CòtÛmﬃkﬀt
s
Hq*sﬃot@kﬃlDq*usﬀt
k+wq
eq*uD{t'HwzÇm+qF#t@sot@mﬃm+wmprws*wt@s
s+wvwuCk«mﬃ|s+Fwx"q@Z.9t
u`~gt@u~gÝO rt@u~}mﬃprwvk+stelDug¥*KvwuCk+st@
vD|`mﬃkﬃwxsRIt
#t@ÈClnwmXy9tFw¢Dw~"k+qaF¥O~wk+wvk+lDqFu`m%lDuesﬃq@IlDst@kﬃlnqFuu9t

KÚDlDuwmgmﬃwwªf~`FwKwkKt@ r©HF**F¬xgt
u~÷öø±r|`qFs+wmﬃvwxuvw
wÈIvlDkt@kﬃlDq*ulDmasﬃ|Dw~²q*|kZyw}ogqFnwv|#t@sKyCI~sﬃq**wu'lnmogq*s+w
ps+qF9t
`Dùk+yws+ot@DDùwxÈCvlDk+w~ólDu~wum+wCt@m'z«lDkﬃy~`wum+lDk.
wÈIvww~lDu`¤*úVvo
ô
t
kk+wogprwsﬀt
k+|s+wÛw*t@D|rt@kﬃw~{rwk zRwxwu
F*ﬃ*¦*FeÝ}ûRq*|u`mﬃkﬀt
s+maywt@kﬃlDuütüp9qFp`|#t@kﬃlDq*uq
«~wum+w
vDq*|~`mQlnmOlDuC*qF×*w~©#ýlDDot@u"wkt
 **F@¬rOvvq*sﬃ~`lDuk+qgkﬃy`w
t@|kﬃy`qFs+makﬃywm+w~wu`mﬃw{s+wFlDq*umoglD*yCk9wmﬃw0üFsﬀt¤IlDkt@kﬃlnu
vDq*|~`mQ~`wprq*mﬃlDk+w~'~`lDsﬃwvk+DVCk+yw"vxqCq*DlDu"±9q@zùq*sKvqFuIruwx~
lDuþylD*yþps+wmﬃm+|sﬃwßrwylDu`~øm+kﬃs+qFu`ÉmﬃyqIv×ImRqFs+sﬃw7t
k+lDqFu
t@sﬃwt@Dmﬃq¡mﬃy`q
z«uórwk zRwwu÷ ówolDmﬃm+lDqFuDlDuwm"zt@sﬃo KÚ
s+q
IlDsﬀt
k+lDqFu`urt@KDlDuwmVt@u~vq*D~oglDDDl0o}wkﬃs+lDvwoglDm+mﬃlDq*u{DlDuwm
m+|F*wm+kﬃlDu`sﬃw#t@kﬃw~VwÈIvlDkﬃlnuogwvﬀyrt@ulDmﬃomRq@Rk+ywmﬃw}~l0Ó,wxsﬃwuIk
py9t
m+wmq@Zkﬃy`wQIt@mFy`wK#t
s+Fw«ot@mﬃmﬃwxmRq@ZwÈCvlDk+w~KÚ*Ct@sﬃq*|u`~

ú
ôxÛvq*|D~mﬃ|`F*wm+kOkﬃyrt@kk+ywavq*D~ogq*Dwv|#t@s%It@mot@mﬃm
vq*|D~÷y9t¤*w¡rwwuÇ|u`~wsﬃwxmﬃkﬃlDot
k+w~Ê©Òrwvt
|`mﬃwq@tïDq@zRws
ogwkﬀt@DDlDvlDk ³Hq*swÈt@ogp`Dw¬>q*slDmylD~`~wu{lDuq*pk+lDvt@DDk+ylDv×
~wxumﬃwvxDqF|`~mKmﬃww ´wsﬃ#t@u~wxkOt
 ,©H*F*F¬gHq*st~lDmﬃvx|mﬃm+lDq*u
q@gk+ywpyICm+lDvt@>vq*u~`lDkﬃlDq*umzlDk+ylDu~wxumﬃwvqFD~¡vDq*|~`m³lDu
vqIqFDlDu`±9q
z«m
 (   
			ﬀﬂﬁ ﬃ 
 	 







	ﬀﬂﬁﬃ 
	
"!$# %

ﬀ%'&
(	)ﬀ *
ﬂ&+
,	-.
# 
/0214365879;:=<2>@?A>CB8D	EF0'>ﬀ?HG(D	BI?HJK7	0=0'LH?HJ8:NMF021>C?A>@>(Gﬀ?HLHL
<2JO0PEQD	JORS5TD	>ﬀG(?H0PJVUSW98DX:=<>7Y0S0'LH?HJ8:Z?HJOGﬀ9TDMF021[?H>\ET]ﬀ0'^F<2^8LH_
35TLHGﬀ?-`ﬂE89Q<>(D'a8<2J8BGﬀ9TD	]ﬀDb<](Dc98?AJSGﬀ>dGﬀ98D6efgB8D	GﬀDY7	GﬀD	Bh98D	](Dc?H>
Gﬀ9TDc](D	>ﬀ?HBT5F<2Li0jkGﬀ9TDc7	0=0PLHDYBO:S<2>U8lm58GXGﬀ9T?H>7	0'LHB:S<2>D	3n?A>ﬀ>ﬀ?H0'J
7	0'58LHB[<2LH>(0^FDOB858DOG(0o>ﬀ58^Q7	LH58>(GﬀD	]n>(Gﬀ](587	G(58]ﬀD	>pa:S<2>c>(Gﬀ](?HE8EFD	B
jq]ﬀ0'3rJ8D	?H:'9=^F0P5T]ﬀ?HJ8::S<2L <2sS?HD	>t0P]O:=<2L <7	G(?H7$7YLH0P5TB8>J80'G>ﬀD	D	J
58J=Gﬀ?HLkJ8021u<JTB$98Dp<G(D	B$^=_o3nD	79Q<JT?H>ﬀ3n>vLH?HJ8w'D	BoGﬀ0OGﬀ9TDMF021Za
LH?Hw'DX>ﬀ980=7w=>X0P]>(G<2]ﬀ^T58]ﬀ>(GUixO0P](D?HJ=y'D	>ﬀG(?H:S<2Gﬀ?H0'J8>d<](D](D	RS5T?H]ﬀD	B
Gﬀ0bD	sSETLH0P](DG(98DZE8](0PEQD	]ﬀG(?HD	>X0jmGﬀ9T?H>?H3nEF0']ﬀG<J=G\7	0'3nEF0'J8DYJSG?HJ
7	0=0PLH?HJT:zMQ021{7	LH58>(GﬀD	]v7	0P](D	>USWv98D>ﬀG(58B8_60jiG(98D3n0'](E8980'LH0':P?H7<2L
>ﬀG(]ﬀ5T7	Gﬀ5T]ﬀDn02jkGﬀ98DZ7	0'LHB:S<2>X<2J8BD	>(EFD	7	? <2LHLH_O?HGﬀ>BT_SJQ<3n?A7	>\1?HLHL
98D	LAE|Gﬀ0}7	0'JS~Q]ﬀ3?HGﬀ>oE8L <27	D{?HJuGﬀ9TDMF021ZUX/?H:P9g](D	>ﬀ0'LH58G(?H0PJ
3O<2E8>pa0'^8G<?HJTD	B$G(9F<2J8w=>XGﬀ0Gﬀ9TD(XxI3n?HLALH?H3D	G(D	]?HJ=GﬀD	]ﬂjDY]+`
0'3nD	GﬀDY]a\9F<y'D^QD	D	J}0P^TG<2?HJ8D	B[jq0']n^FD	LHLbP'Ł$?HJefﬀ`(P
<2J8Bef`YYUVW9TD	>ﬀD63O<2E8>>ﬀ9T021|<2JoD	sSG(D	J8B8D	BhD	3n?H>(>ﬀ?H0'JO02j
Gﬀ9TDX7	0PLHB6:=<>d8<2LH0'3[D}e\0'3^QD	>a?AJE8](D	EFYUSW98D	_658J8BTD	]ﬀLH?HJTD
Gﬀ9TDEF0'>ﬀ>(?H^8LHD6LH?HJ8wO^FDYG+1mD	D	J$G(98D67	0PLHBo:=<>XBTD	GﬀD	7	G(D	B1v?HGﬀ9oGﬀ9TD
'3;G(D	LHD	>ﬀ7Y0PEFDb<JTBGﬀ98D7	0=0PLH?HJT::=<>>(D	D	J<2Gz9T?H:P9TD	]D	J8D	](:'_=U
D	7	D	J=GfXf[0'^8>(D	]ﬀy'<2Gﬀ?H0'J8>k^S_6BT:PDZg8]<_'D	]ZqP'P'<LA>ﬀ0
>ﬀ9T021evfc(`ﬀ'cD	3b?H>ﬀ>(?H0PJ3O<2E8>?HJCŁo7	0=0PLH?HJT:$MQ017	LH58>ﬀG(D	]ﬀ>
02j:=<L<s=?HD	>\P '¡Ta¢£S'¡'8¤XPTa\¥F1T	¦S Ta"¡P'Ł<2J8B
¢£=P''¡P¤X'8U"Wv98D<5TGﬀ980'](>O7	0PJT7	LH58BTDG(98D:S<2>nET]ﬀD	y=?H0P5T>ﬀLH_
B8D	G(D	7	G(D	B;1?HGﬀ9§Gﬀ98D¨>ﬀ?HJ8:'LHD[BT?H>ﬀ9uGﬀD	LHD	>(7	0'EFD}?H>7	0'JS~FJTD	BN?HJ
Gﬀ9TDc7	DYJSGﬀ]<2L"](D	:P?H0'JiU)xO0']ﬀD6©L <2GﬀD<25B8Dl\58](Dc?AJSGﬀDY]+jqD	](0P3nDYGﬀ]ﬀ?H7
0'^8>ﬀDY]ﬀy'<G(?H0'J8>\1?AGﬀ99T?H:P9TD	]">(D	J8>(?HGﬀ?Hy=?HG+_6<2J8B>(EF<2Gﬀ? <2LF](D	>ﬀ0'LH58G(?H0PJ
<2]ﬀDO?HJE8](0P:']ﬀD	>(>JT01§?HJ¢£='¡PT¤XPOG(0>(D	DO198DYGﬀ98D	]6Gﬀ9TD
7	0'LHBN:=<>h?H>DYsSGﬀDYJ8B8D	Bªq<2>$jq0']^FD	LHL'PŁ'o0P]h7	D	JSG(]<2LHLH_
7	0'J87	D	J=Gﬀ]<G(D	B«<2]ﬀ0'58J8BªG(98DN7¬­q<>}>(58:':PD	>(G|G(98D®f¯f
0'^8>ﬀDY]ﬀy'<G(?H0'J8>YU+J=GﬀD	]ﬂjqD	]ﬀ0'3nD	G(]ﬀ?H7}0'^8>ﬀDY]ﬀy'<G(?H0'J8>{0'J;<°1v?HB8D	]
><23nETLHD"02jief[BTD	GﬀD	7	G(D	Bn7	0=0PLH?AJ8:MF0219Q<yPDmJ8021G(0z^QDLHD<2Bc?HJ
0']ﬀB8DY]Gﬀ0D	s=E8LH0']ﬀDbGﬀ98Db>ﬀ?H3n?HL<](?HGﬀ?-D	>Z<2J8BB8?-±)DY]ﬀD	J87YD	>^FD	Gﬂ1\D	DYJ
7	LH5T>ﬀGﬀDY]ﬀ>Z<JTBOB8D~QJ8?HGﬀ?AyPD	LH_67	0'JS~F](3®Gﬀ9TDBTD	GﬀD	7	G(?H0'J²02jGﬀ9TD7Y0PLHB
]ﬀDY>ﬀ?HB85Q<Li?HJO7	0=0'LH?HJ8:ZMF021>U
³´µd¶·)¸=¹HºF»¼-¶·F»
N><3bE8LHDX02j'7	0S0'LH?HJT:MF021}7	LH58>(GﬀD	](>c02j\:=<2L <s=?HD	>aF>(D	LHD	7	GﬀDYB
0'JG(98D	?H]3t<>(>BTD	EF0'>ﬀ?HG(?H0PJh]<2GﬀD'am<J8BhGﬀ9TD	?H]c/X½CLH5T3n?HJ80'>ﬀ?HGﬂ_=a
9F<y'D^FD	DYJ0'^8>ﬀDY]ﬀy'D	B{?HJo^F0'Gﬀ9hefﬀ`(PZ<2J8Bhef`	XD	3n?H>ﬂ`
>ﬀ?A0PJ[LH?HJTD	>U"ﬂJ[G(0PG<LX o7	LHD<2]nB8DYGﬀD	7	G(?H0PJT><](Do7	L <?A3nD	Biai1?HGﬀ9
¦n0'Gﬀ9TD	]XEF0P>(>ﬀ?H^TLHDcBTD	GﬀD	7	G(?H0'J8>UixO0PLAD	7	58L <2]9S_=B8](0P:'D	J3O<2>ﬀ>DY>+`
Gﬀ?A3O<G(D	>X9F<y'D^FD	D	JhB8D	BT587	D	Bjq0']ZGﬀ98DY>ﬀDn:=<2L <s=?HD	>Z<JTB$5TE8EFD	]
LH?H3n?HG(>)9F<y'D\^FD	D	J67	0'3nE858G(D	BZjq0P]iGﬀ9TD0'Gﬀ98D	]k0'J8D	>pUW98DmB8D	](?HyPD	B
x¾/X¿v<](D58EnG(0SÀ(ÁxÂ$?HJbGﬀ98DZ'X7	D	JSG(]<2L<](7	>ﬀD	7Y0PJTB8>0'^S`
>ﬀDY]ﬀy'D	B1?HG(9ZGﬀ98DvP23CGﬀDYLHD	>ﬀ7	0'EFDZ Gﬀ9F<2G?H>iG+_=E8?H7<2LHLH_G(98D\7YD	JSG(]<2L
Ã
'w=EF7X]ﬀD	:'?H0'JO<GvÄÅX8U 'Ł'	UPW9TD	>ﬀDZ3O<2>ﬀ>(D	><2E8EFDp<]G(0c^QDz](D`
L <2GﬀD	BOG(0G(98DX7	0S0'LH?HJT:]<G(DZB8D	B85T7	D	BOjq]ﬀ0'3N¢`ﬂ]<_6BF<G<nSG(98D	](D
?H><nGﬀ](D	J8B0jv7	0']ﬀ]ﬀDYL <G(?H0PJo1?HG(9 ÆÇÈ§]ﬀD	>(58LHGﬀ>pa<2J8BoJ80OLH0'J8:'D	]
L <2]ﬀ:'DB8?H>(7	]ﬀDYEF<JT7	?HD	>^FDYG+1mD	D	JnGﬀ9TD3O<2>ﬀ>B8D	EQ0P>(?HGﬀ?H0'J]<G(D	><2J8B
Gﬀ9TDc7	0'LHBO:=<2>3O<>(>ﬀD	>z<27	7	0']ﬀB8?HJT:nGﬀ0b]ﬀD	7	D	J=GX3O<2>ﬀ>BTD	EF0'>ﬀ?HG(?H0PJ
]<2G(D	>"](D	D	y'<LH5Q<G(?H0PJXjq](0P3ge\9Q<J8BT]<<2J8B¢Xxxn`+ÉDY1Gﬀ0'JFYUW9TD
<2E8EF<2]ﬀD	J=G:=<>ﬂ`ﬂGﬀ02`+BT58>(G\]<2Gﬀ?A0FaSB8DY]ﬀ?Hy'D	Bjq]ﬀ0'3NG(98DZefCD	3n?A>ﬀ>ﬀ?H0'J
<2J8BBT58>ﬀGjﬂ<2]+`ﬂ?HJSjq]<2](D	BD	3n?A>ﬀ>ﬀ?H0'JZ?H>"L<](:PD	]jq0P]G(98D:=<>k?HJ7	0S0'L-`
?HJ8:ZMF021{:=<2L <s=?HD	>kGﬀ9F<2Jn?HJ6J80']ﬀ3O<2L8>(E8?H]<LH>paS^858Gm58J87	DY]ﬀG<2?HJ=Gﬀ?HD	>
<2^F0P5TGG(98DnB85T>ﬀG6GﬀD	3nEQD	]<2Gﬀ5T]ﬀDOE8](D	7	58LHBTD	>O<2JS_7	LHD<2]7	0'J87	LA5S`
>ﬀ?A0PJ8>pUSW98D^QD	>ﬀGm7	0P](]ﬀD	L <2Gﬀ?A0PJn?A>"^FD	Gﬂ1\D	DYJOGﬀ98D7Y0PLHBn:=<2>"3t<>(>ﬀD	>
<2J8BZGﬀ98Dm/X½nLH583b?HJ80'>ﬀ?HG(?HD	>aﬀ19T?H79Z7	0'JS~F](3n>iGﬀ98Dk]ﬀDY>ﬀ58LHG02jFB8:'D
qP'8YU85T]ﬀG(98D	]1\0']ﬀwX?H>iGﬀ0^QD\B80'J8DkJ8021$G(07	0'JS~F](3}Gﬀ9F<2Gef
LH?HJTD	>aS](D	yPD<2LHD	BO^=_>(?HJ8:'LHDB8?H>(9O3n?HLHLH?-36D	Gﬀ](?H7\0'^8>(D	]ﬀy'<2Gﬀ?H0'J8>pa8<](D
G(]<27	D	]ﬀ>02j)G(98DLH0'J8:X>ﬀDp<](798D	Bb7	0PLHB6E89F<2>(D?HJc7	0=0PLA?HJ8:MF021>pUﬂJ
G(98?H>i7	0'JSGﬀDYsSGa23n0']ﬀD?HJSG(D	]+jqD	](0P3bD	Gﬀ](?H7"0'^8>(D	]ﬀy'<2Gﬀ?H0'J8>?HJefﬀ`(P
<2J8Befq`Y<2]ﬀDX]ﬀD	R=58?H](D	BiU
ÊmËﬀÌ2ÍSÎ2ÏiÐ-Ñ(Ò	Ó2Ñ	ÔÑ	Í'ÕHÖ×Ø
&# 
ÙP



*P
&


&
ﬁS
%'Ú&
ﬁ

Ø Û"ÜmÝcÞqß

ﬂ&
	àﬃ 
	
&
ﬁ
ﬀ#


*PÙ'Ù8
	
&ná
*'
# %
,
	
ﬂ
(â	
&q#


%=

%Sáá

&
²
á
*=
Þ
&q#


%QãS
Ù


#
	 -äå
#-&
ﬁ
&
ﬁ
"%=
åæ
Ý6ç\è"é

&ﬂ

Þ
=
%'ÚTê8ën
p



&
ﬁ=
%PÚ
Ü
 
+&

#
vì
á
,

ﬃ 
	kﬁ
# 


%=ﬂ&
ﬂ*S
&#
â



ﬃ


ﬀ# %
,
ê
íïî2ðﬂîSñqî=òSó2îPô
Ü
%'&


%
*S
#
Û
ê ãSõ
	ﬀâ	
# %P# 
Û
ê 
ööæ
ã
Ü÷
2ø
ã
ææù
Ü
 
(%

êSëê 8ú

ã
ÝûmÛ"Ü

ß
	ü
ã8ú	ý
ö
õ
	*S
ã

ê
Ü
ê-þS!ß  \

ã8mê)êT
öö'
Ýû\ÛkÜ

ã8ú
ü	
ã
ø
ß
ø
õ
õ
	ä


Þ
#

mê
Ý
ê-ãi
(	åﬃ 
	
ámê

ê-ã
Ü
 
ﬀ%

êVëhê-ã
ì
á
,

Ü
êi\ê

%=á
	
#

%
Ü
ê \ê8Tú

ú
Ý6û\ÛkÜ

ßß
ø
ã
ö
ß
ù
õ


%

ﬀ%'&ﬂã
Ý
ê-ã8# 
*
ã
Û
ê-ã
Ý
#-&ﬂ&

è
ã
÷
ê)ê ê-8ú
'
Ü
Ù
÷
ü	æ
ý'ã
ù2ü

ü	æ2ø
ã	
ø
õ


	ﬁP
# %
,


ç
ê-ã
Ý

&+
*

ﬁ
#-&


ê-ã
Ø
Ú2

ê8

+&
ﬀ

Þ
Ù'ﬁ	P
ß
õ
ﬀ
# %S
÷
ê-ã=


ê 
öö
ú2ã
Ü

Ü
ú	ý
æ
ã
æ
ßß
õ
ﬀ
# %S
÷
ê-ã 
*'ÙP(
è
mê-
ööæ
ã
Ü

Ü
ú
ù
ß
ã
æ2ø
õ


,z
%
÷
ê ã
Ý

û
Xp(
õ\ê
Û
ê-ã

%=áO!dß 


%'%=
 
ëhê-
öö
ã
Ü
Ù
÷
ß
ü2
ã
æ
ý
õ

#
,	ﬁ
(%P&q#ê8
Ý

&
ﬁ

å
\ëhê êQSú

ú2ã

+&
(

Þ
ÙPﬁ	
ú

ß
æö
õ



*=,,
ﬀ%
Ý
ê-ã


# +

mê
Û
ê-ãT
ﬁ2*'ﬀ
è

Yâ
ã
ì
ê-ã
ì
%=ﬂ

# %Qãê
Ü
ê-8ú

ú
Ý6û\Û"Ü

ã
ßß

ã
ü	æ2ü
õ
õ
*P
%=
÷
ê !ê-ã2ë
ﬁ
# &+
Û
ê
Ü
ê ã
ç
Yä
%=
Ý
ê ê-
öù'
ã
Üv÷
ù
ý'ã

ú

õ
	 
Û
ê-ãPõ
*'
%=
÷
ê !ê ã


Ú2ﬀ%t\ê ã8
öö
ß
ã
Üv÷
2ü
ã
ü
ß


	å
# ãiêVê-ã
ç
*
ã
ì
ê
Ý
ê-ã
÷
ﬀ%'Ú# %=ã
ì
êõmê-ã

	
ÚTã ê'
öù
ßvÜ
Ù
÷
ã
ú
ø
ú2ã8ú
ö


ﬀ	åﬃ 
	
ád\ê

ê-ã
Ü
 
(%

ê ëê ã
ì)


# %
,
ç
ê-ã
ì
á
,

Ü
ê \ã
	
#

%
Ü
ê \ê-
ööö
ÝûmÛ"Ü

ã
ß

ý'ã
ù2üø
 
Yâ
# á8ãiêﬀê-ã
 ä
è
ã
Ü
ê-ãﬁ

	(X
%Qãië

%=áﬃﬂ

&q#

ﬀÚTã

êﬀ dê-
öö
ß
ã
Ü
Ù
÷
æ'
ú2ã
æ2ø	ö
 
Yâ
# á8ãﬁiê	ê-ã
û
*'
ﬂﬀ%Qã)ê
ì
ê
÷
ê-ã
Ý

û
X	(
ã8õmê
Û
ê8&
	
ê-Fú
'
ã
Ü
Ù
÷
üüø
ã
ü	æ
ý
 


%
	ﬁ2*

Ý
ê-ã
Ý

Ú
÷
ê-ãﬂ


#-& ê
Ý
ã
ÙS	
Ú'ëhê-ã
ì)
ﬂ&


%
Û
ê-ã
Ý
	-

%=
ä
ê
Û
ê Sú

ã
Ü
Ù
÷
ü	æü
ã=ý
ø	
 
*
%'%S!Vê

%Sá
ìi	


ê
Ü
êFSú
'
ã
Ý6û\ÛkÜ

ß
ú
ø
ã=ý
ö2ø
 
*'Ù
Ú2
Û
ê

%=áë
ﬁ
#-&ﬂ
Ø+ØﬂØ)Û
ê
ì
ê 8ú

ß
ã
Ü
Ù
÷
ü	ù
ß
ã	

ß
 
*'ﬂ
&ê-ã"\
+=	
 ê-ã"
ﬂﬁ
#$#
è

ÞqÛ

ä
Ý
ê-ã	T#
X
Þqû
&


ê-ã
2
á

&
Û
ê-
ööæ
ã
Ü

Ü
ú
ù2ø
ã
ø
ßß
 
å	(
Ú

%

&
ﬁ

ê

ê-ãF!
å
ﬀ% ê
û
ê-ã
âY
%&

	
Ú


÷
ê
ç
ê-
öö2ü
ã
Ü
Ù
÷
ææ
ú2ã	

ì
á
,

Ü
ê mê-ã
Ø
â
# 


%
Û
ê
÷
ê-ã
X
#

Ø

%FãSõ
-
# %
Ü
ê ëhê-ãP

%Sﬀ#

ã
÷
ê )ê-
ööö
ã
ÝûmÛ"Ü

ß

ý'ã
ü	öö
ì
á
,

Ü
ê mê-Pú
'
ã
Ý6û\ÛkÜ

ß
ú
ù
ã
ø
ý2ú
ì
á
,

Ü
ê \ê-ãmë²#
-X
%
Û
ê
÷
ê ã
÷

	ﬁ
%Sﬂ&


%S
Û
ê
Ý
ê-ã
ﬀ	åﬃ 
	
á[\ê

ê-ã

	
#

%
Ü
ê mê-ã
Ü
 
ﬀ%

ê ëhêF8ú

ú2ã

ﬂ&
ﬀ

Þ
Ù'ﬁ"	
ú

ý
ß
ø	ö
ì
á
,

Ü
ê mê-ã
ﬀYä


ã' ê vê8Sú

ß
ã
Ü
Ù
÷
ã
ü	öæ
ã	

ß
ì)
ﬂ&


%Qã
Û
ê8
Ý
	 

%S
ä
ã)ê
öö
ú2ãSõ
ÜmÜ

ã
ù'
ã
ù
ê

ì)
ﬂ&


%Qã
Û
ê)
Ý
	 

%S
ä
ãﬀê
ööæ
ã# %)(
Ø
%
ﬃH(	
á
Ü
ﬂ&
(

%

äbå
# &
ﬁ
Ü
+(	ä
"
ﬁ

û

.
&mﬀ%=
ﬀ
&q#


%'*'ãFáTê
Ø
ê

ê
Ý

F

%ﬃ+

 *'å



 

p
á


+ﬁ
&-,(ã
Ù
ê

ý
ö
ì
&ﬂ&

	
# ã

ê-ã.
	
#

%Qã
Ü
ê'\ê ã
Ü
 
(%Fã

êëhê-ã
÷

	ﬁ
%=+&


%=ã
Û
ê
Ý
Sú

ú
Ý6û\Û"Ü

ßß

ãSý
ß
ü	ì

	
#

%
Ü
ê \ê-
ööæ
ã
Ü\Û"ÜmÜß
ú2ã8ú
øø

	
#

%
Ü
ê mê-ã

%=áP


÷
ê

ê-ã
ì
&+&

	
#

êS&
	
8ú
'
ã
Ýû\ÛkÜ

ß
ú

ã

ßß

	
#

%
Ü
ê \ê8Tú

ú2ã

ﬂ&
ﬀ

Þ
Ù'ﬁ"	
ú
'
ß
ù
ý
ﬃﬃ
    	 
 6 ﬀﬂﬁﬃﬁ
!ﬁ
 "ﬀ#e ﬁﬂ%ﬁ)(
ﬁﬀﬃﬂ ! #"
$&%('
! *)
$,+.-

$
ﬀﬃ/102435ﬃ/
'7698 :
0
$1:<;
/=ﬀﬃﬂ>01ﬂ ?
+;@$
/*A!ﬀﬃﬂBﬀ!C
8 $,+ D!D
EFﬀﬃ)
8
ﬀ
:HGJI 'KIBLM'N$
ﬂB
;;O8PGJIBLMQ
ﬂ ?
:FR<$
ﬂ ﬂ4S
I TIBL
S*ﬀ
+@+U8
 
L*VWI X7I
ﬀ
:YR
Z
$
/ﬂ
$,[]\^I GWIBL<T4VM\_G
a`!`
D!L
`!b!c
EFﬀﬃﬂ 0@d
$eLgfWIBLh\N8 $
d
$!L<TI<igI Lj\k8B$
d
$eLFlWIhfWIBL

8
 Wm
+

:nLo'MIBL!p#8
ﬂ
+

:nLFGWI

IBLoD
c!c!q
LFG
m
iPr
c
r<LFstDﬃu!u
E
$
/@ﬂ ﬀ
:FRvlWI i<IBL
EYﬀﬃ)
8
ﬀ
:GJI 'MI L7i
ﬃ2
:Y+;

:Y$\*I TIB-*D
c!c
r<L7TwVM\_G

x
b!b
L
`!c!c
E
$
/@ﬂ ﬀ
:FRylWI igI L
EYﬀﬃ)
8
ﬀ
:yGWI 'KIBLi
ﬃ2
:Y+;

:Y$\^I TI -
xﬃz!zhx
L
ﬀ
+@;
/{
m<2o|
zhxﬃz
`
z
u
x
l
/=ﬀﬃ)
$
ﬂ
+
d
[w}WI GJIBLF%~
ﬂB 
$
/
TI
Z
IB-oD
c!c
z
LoG
m
i
`
u!uhLFr
z
D
l
ﬃ?
R
3/1h
8 ,L
Z
IF%
/
8 :
0@2
8B$
/
85LlJI-oD
c!c!q
LoG*%MGJL
`!`
z
LD
x
`
i
ﬀﬃ
$WpIBL<Q
/
$
 
$
/
TI VJID
c!ch
-FT4VK\7G

x
q
r<LFstD
i
ﬃ2
:Y+;

:Y$\^I TIBLG
ﬂ ﬂ
$1:

I pIBL
EFﬀﬃ)
8
ﬀ
:GJI 'MI
ﬀ
:YR
hﬀ
:FR<$
/
+aigI

I>-
xﬃz!zhx
L
ﬀ
+@;
/=ﬃ{5mg2Ł|
zhxﬃzhxﬃz

s
ﬀ!,ﬀﬃ/
$

QKIBL'
ﬀ
+;$,;@+JGWIBL
S
8
 
}WI pI Li
?</=ﬀ
TI -tD
cjq!c
L>G
m
i
`!`
uhL
stD
`
so8 $
?
\^IBLFT]8B;;
ﬀ!
i<I
Z
I }WIBLhQ
ﬃ
[!$
/^
IBLF$,;
ﬀﬃﬂ
I#D
c!c!b
LFG
m
iWrhu
q
LFs>u
so8 $
?
\^IBLgQ

:
ﬀ! 
$=:<;@$!LYTIBL<T8B;;
ﬀj
Loi<I
Z
I<}WIB-ŁD
c!cjc
LYG
m
iuhD

L<s
c
D
T
0
V
ﬀ! Pﬀﬃ/1ﬀ
QMI \*IBLQ
/
$
A! Pﬀ
:igI VWIBL6W '

:<:F$
ﬂ ﬂ
\*I pIB-tD
c!c
z
L>G
m
i
`!b
z
L
xﬃz
T
0
V
ﬀ! Pﬀﬃ/1ﬀ
QKI \^IBLFi
ﬀﬃ
$^pI -D
c!c
r<LFG*%MG
x
q
D!L
bhﬃ`
T
0
V
ﬀ! Pﬀﬃ/1ﬀ
QKI \^IBL
xﬃz!zhx
L
ﬀ
+;
/=ﬃ{5mg2Ł|
zhxﬃzhx
D
c!c
T8 ;@;
ﬀ!
i<I
Z
I }WLgso8 $
?
\*IBL<s
h0@d< Pﬀ
:
E
I i<IB-ŁD
c!c!q
LYG
m
ir
c!q
LFsD

6W }K$
ﬀ
'MI
Z
IBLhQ
ﬀﬃ?Y 
I GWIBLYl
ﬀﬃﬂ ﬂ
8
 Pﬃ/
$eL>igI
E
IFD
c!c
r
)
LoG
m
igL<r
`!b
L
b!b!c
6W }K$
ﬀ
'KI
Z
I LQ
ﬀﬃ?Y 
I GJIBLWT
ﬀﬃﬂ 
:Y$,[
Z
I \*IBLW
ﬀ!0,0.
:g8stI i<I
ﬀ
:YR
!mFﬀﬃ/d
+MpI QKIBLgG
m
iPr
x!x
LFr
bh
6

$1:
E
IBLgs$.R
ﬂ ﬃ
TI i<IBL
S
$.$
ﬂ
pI 'KIB-oD
c!c
uhLoG^i&D
z
c
LD,r
Z
$
/
$,+]'MI QMI L
EYﬀﬃ)
8
ﬀ
:GJI 'MI LXtR
A
$4GJI 'MI LG
ﬂ ﬂ
$=:

I pIBLki
ﬃ2
:Y+@;

:F$
\*I TI
ﬀ
:YR4p
2
8B;$W}WI GJIB-oD
c!c!q
LFTwVM\_G

x
c!q
LFr<D
b
Z
$,;$
/
+

:i<I \*IBL
Z>ﬀ
$
/
$
ﬂ
+
E
I QKI

IBL
S*ﬀ!ﬀ
+;
/=ﬀ
i<I

IBL4G
/
:
ﬀﬃ?
RTIBL
\7$=8
m</
8
0@2
^I fJIBL
EYﬀﬃ)
8
ﬀ
:GJI 'MI LT
?
+
2F
;
1d
[\*I
E
I L7i!$
/
:g8
A
:
ﬀ
:
i<I lWI
ﬀ
:YR
ﬁﬀﬃd
$
ﬂ ﬂ
8
ﬃ?
IŁ-
xﬃz!z
D!LoG*%MG
`!b
uhLFstD
z
r
Z>3
$1:<:g8
A
$
/
}JIBLF'
! *)
$.+
E
IBLoD
c!c
r<LFG^%MGWL
x
q
uhL
c
r
!2F
+;
ﬀﬃd
lWI

IBL<
ﬀ
:4l
ﬃ/@dh! 
i<I fWI LﬁX
d
$
/
+N\^I }WI<$,;
ﬀﬃﬂ
IB-ŁD
c!q!`
L<G*%MG
D!D
c
LFs
`

ﬀ! *?</1ﬀ
^IBL
S*ﬀ!ﬀ
+;
/=ﬀ
i<I

IBL
Z
$,;$
/
+

:wi<I \*I L
Z>ﬀ
$
/
$
ﬂ
+
E
I QKI

IBL!T8B;;
ﬀj
i<I
Z
I }WIBL4
/?
R<R
ﬃﬂ
[
?<)o


I
Z
IBL

;$
kﬀe/
;lWI L
EYﬀﬃ)
8
ﬀ
:GWI 'KIBL
T
?
+
2F
;
1d
[\*I
E
IBLos
?Y *)
}WI fJIBL
d
$
)
$&JI-
xﬃz!z
D!L>G*%KG
`!b
uhL
s
qh

?Y0@d
$
/
pIBLF}
ﬀ
!8 RoLostI
Z
IB-ŁD
c!ch
LYG
m
ir
q
r<L
b
zhx
tﬀﬃﬂ
$1:<;U8 O:X7I GWIBL<l78


ﬀ
:F$
ﬂ ﬂ
8_\*I -oD
c!q
x
LoG*%MGvD!D,r<L
xﬃz
q
t
8
A
;stI TIBL
ﬁ02F 
8 Rg;\*I pI L
EYﬀﬃ)
8
ﬀ
:GJI 'MI LG
ﬂ ﬂ
$=:

I pI
ﬀ
:YR
i
ﬃ2
:Y+;

:Y$W\*I TIo-
xﬃz!zhx
L
ﬀ
+;
/1ﬃ{5m<2o|
zhxﬃz
`!`
D
x
p
2
8 ;@$^}WI GJIBLﬁi

:Y$,+k'MI
ﬀ
:YR
EYﬃ/1 Pﬀ
:apIB-YD
c!ch
LﬁT4VK\7G

x
c
x
Lhr<D
c
p#8
ﬂ  ﬀ
:\*I i<IBLhXtR
A
$^GWI 'KIBLgi
ﬃ2
:F+;

:F$W\^I TI L
EFﬀﬃ)
8
ﬀ
:wGWI 'MIBLhG
ﬂ ﬂ
$1:

I pI
ﬀ
:FRw'
/=ﬀﬃk35ﬃ/
Rw'MI

IŁ-
ﬀ
+@;
/1ﬃ{5m<2Ł|
zhxﬃz
b!`!q
x
p
?
I
Z
IBLﬁf
ﬀ!  
$
/ME
IB-ŁD
c!c!`
LoT4VM\_G

x
b
x
LD
qh
 (   
			ﬀﬂﬁ ﬃ 
  	


	




ﬀﬂﬁﬃ 	
"!$# %

ﬀ%'&
()ﬀ *
ﬂ&+
,-.
# 
/103254674
1!98
ﬀ:<;>=1
%@?A1!98
:(=



#-ﬂ<#
	
%

# %B
	
ﬂ
(C
?ADE#-&
ﬁ
&
ﬁ
F G1HJILK
;

&+


	M
ON)!"%A&
ﬁ
9P
:<Q.
# R


# %




&+

9M

(
&
*'

8S# %

T9=EC



*

C

-	>
# &VUW83# %X

ZY

=[	
%\&
ﬁ
]
:<.
#-^N
ﬃ 
    	 
 6 
	



 	#e 
ﬂ%)(
 ﬀﬂﬁﬃ !ﬃ#"$%ﬀ&'!%$!(
)*$!+-,
ﬀ
.0/210/43 57698:<;=?>A@CBEDF8GH6I>J69KL>A;CMNGHMN8O8F6*PQ69BEDR@C=ﬀDJ;C=?>SGT698R69UNUNMWVTDFMNX0=H698
Y[Z'\^]`_a]bZ%c]`dfeWZ%gLh%eNZ%_`_jik]`gLZ lnmpoAq-rsptJikcAuvuwikdJhﬀ_xZphEywik_ji{z|]bZphHZ%_`_a]~}e]cfZph0hZTuk]xh%e]`dOykcZﬀukc-\^]`_a]bZ%c
sptJikcAu#]`dfegik4ik\ihlnmq-rC}Jikg_Łg]jyk]`dZ0uk] #%gLZ%dfeNZ'uOZﬀspZphﬀuOZ%cz\^]`_a]bZ%ckzJEdZn#Z%e`sp\^\ZEdcwh
_Ł ikkdJh^cwﬀ_Ł mq Zph%e#Z%d}Jikge]bZ-u[Łg]jyk]`dZH}g]`\guk]ik_xZp}cO]xhZ%dfg]bsptO]ﬀikcspcFgLh-uOZ_Ł tO]xh%eW]`gLZ
uOZ_ji?{g\ike]bduOZphik\ih}Jikg_Ł ikggiOsptfZ%\Z%dfeuOZ?ywiuOZE}_achTykgikduOZ#\%e2ik_`_a]bs%]`eWHhZegLcFikdfe
uwikdJh_xZphywik_ji{z|]bZph
hW}]`gik_xZphuOZ_Ł ik\ih
 *d¡spcOgikdfeuOZ¢gpZngL]uk]xhphZ%\Z%dfeﬀ}fZ%cFehZ{g\Z%gikc
spZ%dfe£gLZuOZph
ik\ihpH_xgLhcfZ-_xZywi-hZgpZngL]uk]`eTgi%}]uOZ%\Z%dfebCm%_¤hZ-e£gLcOkZZ%dJh%cO]`eNZ
iOsps%gL%eN }Jikg
cFdZ#ywik_ji{z|]bZTyOikdfeWZikcspZ%dfegLZ^uOZ_Ł ik\ih*YŁ mpoAq uwikdJh _xZph#ywik_ji{z|]bZph^Z%_`_a]~}e£]cfZphp'Z%dgLZ%ikdsptfZp
Zph%e-spdfe]`dfcZ%_`_xZ%\Z%dfegpi%}w}gL]xh%]bdfd^}Jikg¥_ji}fZ%geWZuOZ¢\ihphZuOZph%eN]`_xZph%k_acpZphc¤ŁZ%_`_xZph
iw¦g]`eNZ%dfeb§Y*Zﬀywivu[Ł iw¦%gu'gL]uZph%eZ%dJh%cF]`eWZgLpsptJikc#E}JikguOZphsptfsph cv}Jikg#\%_jikdOyOZpF¨chc¤Ł ©
uOZph'eWZ%\H}f%gike£cOgLZphﬀe£gLªph#%_xZ%kpZph*EZEywi#sptJikcAuZph%e[]uOZ%dfe] «0}Jikghd%\^]xhph%]bd
uwikdJh0_jiv¦pikduOZC¬
Y*ZveWZ%\H}fhuOZ gLZngp]uk]xhphZ%\Z%dfeuOZspZ#ywisptJikcJuuwikdJh _xZph#ywik_ji{z|]bZph^Z%_`_a]~}e£]cfZph^Zph%eﬀihphZspcOg%e`
uOZeWZ%_`_xZ\ikdf]bª%gLZ cfZuOZphspcFgikdfe`h uOZgLZngL]uk]xhphZ%\Z%dfe<}fZ%cOkZ%dfehfŁ%e2iw¦_a]`gLh%]`\^]`_jik]`gLZph©
spZ cfZ
_Łd#}fZ%cFek¦%hZ%gkZ%g0ikcFeWcFg0uOZphCywik_ji{z|]bZphﬀspZ%dfegik_xZph'u[Ł ik\ihFEd\ikgbyOZ0uOZ?spZphﬀuOZ%czsih?Zz|egL­%\Zph
uOZphywik_ji{z|]bZphZ%_`_a]~}e]cZphv]xh_xpZphuwikdJh_xZphik\ihp?Z%eTuOZphywik_ji{z|]bZphyOikdfeWZph-spZ%dfegik_xZphp']`_®¥i_xZph
ywik_ji{z|]bZphikcspZ%dfegpZuOZykgLc¯}fZph#}_acwh#}JikcOgLZphp°}fcFg^_xZphcfZ%_`_xZph_xZph-cJikdfe]`eNph-uOZ ywiu[Łg]jyk]`dZ
]`dfeNZ%gdZvl±}fZ%geNZ#uOZT\ihphZ#uOZph%eN]`_xZphWr^Z%eCu[Łg]jyk]`dZZz|eWZ%gdZ^lNiOsps%gL%e]bd¥uOZ'ywi#]`dfeWZ%g£ywik_jiOs%e£]cfZWr
hdfe0sp\H}Jikgiw¦_xZph
²
cFeWcFguOZspZ%ge2ik]`dZphywik_ji{z|]bZphZ%_`_a]~}e£]cfZphp0]`_°i%eWuOpspcOkZ%ge?ukc¥ywisptJikcJu¢©³O´ 7 µ uOdfe
_xZ-eNZ%\H}fhuOZ-gLZngp]uk]xhphZ%\Z%dfeZph%eH]`d{{%g]bZ%cOgikcebik\H}fhuOZ-¶HcJ¦¦_xZ·vZph }gLspZphph%cwhhZ%\¦_jiw¦_xZph
ikckz¸spcFgikdfe`huOZ
gLZngL]uk]xhphZ%\Z%dfeikc¹spZ%cOg¥uOZph¥ik\ihhdfeuOdsike£eWZ%dukchuwikdJh¥ikcOeNcOguOZ
ywik_ji{z|]bZphZ%_`_a]~}e]cZphº§tf\ih
Z%e#ik_jlN³w»|¼F½prZ%eC}_ach-gLpspZ%\^\Z%dfe0¾ﬀcfeNZ¥¿ÀCikdf]jikgLZphlN³w»w»AÁr
dfeE%ecAuk]bH_Ł%\^]xhph%]bd¬Âukcywi ikcFeWcOguOZ0ywik_ji{z|]bZphuOZHe®}fZ}gLpspspZ'ykgÃOspZ#©uOZphk¦%hZ%gike]bdJh
uOZphhikeNZ%_`_a]`eWZphE]`dJh%eNZ%]`dZ%e
²
o[
²
Y*Zphve2ikcz¥uOZ^uOW}fh%]`e]bdÄuOZ\ihphZ^Zph%e£]`\phhdfe'uOZ_ŁgukgLZ
uOZ^´k´ÅwNÆq
 Ç
ikduwikdJhv_xZ ∼ È }fsspZ%dfe£gik_u[Ł i%}gLªph _xZphﬀ}gpZ%\^]bZ%gLhvikcOeNZ%cOgLhpTZ%eE\­%\Z cFd}fZ%c-}_acwh
hZ%_xd¸_xZphhZpspduhEZph}gLZ%cOkZph
uOZ-_ji-}gLphZ%dspZu[Ł cFdÉspcOgikdfe#uOZ-gpZngL]uk]xhphZ%\Z%dfe'hdfe#gLZ%df
{gLsppZph#}Jikg_jiuO%eWZps%e]bdRuOZ_ji¢gik]bZu[Ł%\^]xhph%]bd¹ÊËmuwikdJh_ji
ywik_ji{z|]bZÌÍÉÎ½ÆF½Äl£¾ﬀgLZbyk\ikd
Z%eik_jjÅJ´w´k³%rspdukcF]xhikdfe©ÏcOdÉe2ikczRuOZuOW}fh%]`e]bdÐuOZ¥\ihphZuOZ´kÑÆq
 Ç
ikd?Y§i¥}gLphZ%dspZ
u[Ł%\^]xhph%]bd¸d¦cF_jik]`gLZuwikdJh_Łp}e£]cfZiÏ%eW\^]xhZZ%dÉ%]uOZ%dspZ
ikcOeWcFguOZ }_acwh%]bZ%cFgLh^ywik_ji{z|]bZph
Z%_`_a]~}e£]cfZph0h%_xZps%e]bdfdpZph°}fcOgT_xZ%cOgT_acO\^]`dh%]`eWE¬ÒlboAtO]bZ%_juhp³w»w»w³%rkYŁZz|]xh%eWZ%dspZHu[Ł cFdZ?gLZ%_jike]bd
h%e2ike]xh%e]cZZ%dfegpZv_xZph_acF\^]`dh%]`eWphZ%d¥¬ÓZ%eTZ%d¶
α
Zph%eﬀik\¦]jykÔfZpE\ik]xh'}fhph%]¦_xZlpÍTcAugL] ¨¿
ºAg]`dsptO]bZ%g]xT³w»w»|¼¦4rÕ0_xZphT«C_jik\Z%dfe`hp}e£]cfZphk¦%hZ%gkphuwikdJhÌÍ×Ö|¼{Î½spØ`ds%]uOZ%dfeHikkZps-_xZph
gLbyk]bdJhHu[Ł%\^]xhph%]bd¥ukc^ywi'¬vCEZ%_jih%c¯}w}fgeWZT_Ł ]uOpZu[Ł cOdZC}fhph%]¦_xZHihphs%]ike£]bd¢Z%dfegLZ#_xZph#uOZ%cz
}ftJihZph ukcywisp\^\Z}fcOg_xZphHywik_ji{z|]bZphvspZ%dfegik_xZph u[Ł ik\ihikkZpssp_a]`dOy?ÙﬀÚ
Y9i
}gpphZ%dspZ¥uOZ-ywi gL]uuwikdJh¢spZphywik_ji{z|]bZphuOZe®}fZ^}gLpspspZp i¸%eN¥\^]xhZZ%d7%]uOZ%dspZ
}Jikg ¾ﬀgLZbyk\ikd¸¿×¶ yylN³w»|¼w¼!rﬀcO]?dfeﬀuO%eWZps%eWuOZv_Ł tO®|ukgLyOª%dZvdZ%cFegLZv¶'mZ%d¸%\^]xhph%]bdÄuwikdJh
_jiywik_ji{z|]bZ Ì^ÍÛÎwÎ´w½kTEZ%eeNZ%\^]xhph%]bd¸Zph%e°}]cpZikcÏspZ%dfe£gLZp#Z%e'dZ^\dfe£gLZH}JihuOZ^egiOspZ-uOZ
gLe2ike]bd-ukcywiAY§i#\Z%]`_`_xZ%cOgpZE]`dfeWZ%g2}gp%ebike]bd}fcOg?Zz!}_a]cfZ%gE_ji}gLphZ%dspZuOZTspZ°ywiHZph%espZ%_`_xZ0uOZ
_ŁZz|]xh%eNZ%dspZ u[Ł cFdÏspcOgikdfe'uOZ gLZngL]uk]xhphZ%\Z%dfe2EZW}fZ%duwikdfe_xZ¶'mdŁZph%e*}JihvuO%eWZps%eW ÌÍ¸ÎwÎ*Á{Å
Z%e#Ì^ÍÜÖ|¼{Î½spZ¥cF]Th%ckyyOª%gLZcfZ¢uOZph}gLspZphph%chuOZgLpsptJikc%#Z%\Z%dfel±}Jikg¥uOZphh%c}fZ%gdiOZWr
}fcFggik]bZ%dfe\uk] «0Z%g_xZ e2ikczuOZvuOW}fh%]`e£]bduOZ \ihphZZ%e0uOds gLukcO]`gLZ _ji
cAikdfe]`eNvuOZ \ike]bª%gLZ
uOW}fhpZF¾ﬀgik]`dZ?Z%e[ik_j*lN³w»w»AÁr Z%e¾ﬀgLZbyk\ikd¿¶ yy-lN³w»|¼w¼!rdfe9eNZ%dfeWphikdJhEh%cfspspªphp*uOZ'uO%eWZps%eNZ%g
  
 [

ﬀﬀﬀ	b ﬃ
	

M˙X

cool M˙beam22′′  2  beam22′′
  ﬀﬂﬁ


ﬃ 


!  ﬀﬂﬁ


#"%$
8
  
&('*),+-- + ./0- .213/41. 5/467 5/0687
&('*),+9+
$:
+/;7
$
1
$
/46.
$
/
$
5
: $
/
$
5
:
&('*),+9+ 75
"
/4-2+ 5913/
$ $
/
$
.
: $
/
$
.
:
&('*),+
:
1
:
./
:"
5263/
$
7
$
/
"%: $
/
"<:
&('*)=.269+
:
-3/0+
$
1963/
$
7
$
/412+
$
/019+
&('*)=7
:3"
-
"
7/4. 1963/4-5
"
/41
$ "
/01
$
>@?BADCFEHGIEJLKNM%OPOPQSR8QUTﬂMVSWYX%Z\[^]`_8ZIMacbPQYMdedPQ`f R_ QgRHhiMj8bPk^OlZ\Q^Omd#M_noR8Q(R8[`jX<Oeacdea\X%fpR8QqW*M%O#OPQ
[`r<MZc_ [^OsjtMb@uB_ X%dPQqv,wDMf8acVxMbPQ^OSy{z}|<|~<DjX%_8b@STﬂMZIMn9a\Q^OQ`ZcZcacj8dea\ﬂ_ Q^Ox
_ji}gLphZ%dspZ uOZﬀywi\_xps%cO_jik]`gpZ©-egikkZ%gph_Łk¦%hZ%g%ike]bd¢uOZphgik]bZph u[ŁZ%\^]xhph%]bd¢ukcÄ'Ê×l2_xZg\vh
ike£eWZ%]`dfe9}Jikg_xZph ]`dJh%e£gcO\Z%dfenh©_ŁW}fcfZ%ebik]`e0ik_xgLhuOZv³O´\
µ
rk
.0/210/b. 
DF=TGH6IV;C=T>Ł@CUN@DﬀMN69869U4UNMWVTDFMNX0=T698
ÌcwhikkdJh%ecAuk]bv_jiv}fhph%]¦]`_a]`eNu[Łk¦%hZ%gkZ%guOZph#ywik_ji{z|]bZphZ%_`_a]~}e]cZphpChZ%_xZps%e]bdfdpZph'}fcFg
_xZ%cFg
ebikczuOZuOW}fh%]`e£]bdÉuOZ\ihphZ
gLZ%_jike]`kZ%\Z%dfe^%_xZ%kphlNu[Ł i%}gpªph_xZphk¦%hZ%gike£]bdJhu[Ł
²
o[
²
}Jikgv¾ﬀcfeNZ¿ÓCikdf]jikgLZph¥lN³w»w»AÁrprkCY*ZphebikckzuOZuOW}fh%]`e]bduOZ\ihphZ
M˙X
dfe%eN
%ik_acfph©
_Ł ]`dfeN%g]bZ%cOg'ukcgik®wduOZgLZngL]uk]xhphZ%\Z%dfe°l2g2g
cool
rk[Ê0d^hfŁ ikeeNZ%du ©spZ'cfZ0_xZe2ikczuOZ'uOW}fh%]`e]bd
uOZ?\ihphZﬀikg]bZsp\^\Z
M˙X ∝ gvlbo<ikgi]`dJ³w»|¼w¼!rkfY[Zph?ebikcz-uOZHuOW}fh%]`e]bduOZ?\ihphZTikeeWZ%dukch
uwikdJhE_jigLbyk]bdspcFkZ%geWZ}JikgE_xZ0_xk¦%Z[}g]`\ik]`gLZ'ukcveN%_xZphspp}fZ0uOZ0ÆF´\QuOZ_Ł m^
²
q dfe%eWT%ik_acfph
Y§i cJikdfe]`eN'uOZCywi0\_xps%cO_jik]`gLZ'ikeeWZ%dukcZ'uOW}fZ%duukceNZ%\H}fhﬀsikgiOs%eW%g%]xh%e]cfZﬀuOZEegikdJhn{g\ike]bd
ukcywiZ%d%eW]`_xZphEZeNZ%\H}fh^Zph%e¤h%c}f%g%]bZ%cOgvikc¢eWZ%\H}fhvuOZ^sptOcFeWZ_a]¦gpZvukcywilN³O´ 6 ikdJhWr0sikg _xZ
sptJikc%TiyOZuOZph-%eN]`_xZphE¨{Z%cFdZphZ%e'_ji^}gLphZ%dspZﬀ}fhph%]¦_xZ^uOZ-sptJik\H}Ï\iykd%e£]cfZdfe'eNZ%duwikdspZ^©
ikc|yk\Z%dfeWZ%g^_jiukcOgppZuOZ]bZu[Ł cOd¸dfcJiyOZ\_xps%cF_jik]`gLZCEd¢}gLZ%dikdfeTe
trans 
³O´ 8 ikdJhp#Z%dRiOspspgu
ikkZps^_ŁZph%e]`\ike£]bdÏuOZ¾ﬀgik]`dZ-Z%eHik_j?lN³w»w»AÁr¢Z%e0¾ﬀgLZbyk\ikd¿ ¶yylN³w»|¼w¼!r'_jicJikdfe]`eNuOZywi
\_xps%cF_jik]`gLZHikeeNZ%dukcfZuwikdJh#_xZT_xk¦%Z}g%]`\ik]`gLZ#ukceW%_xZphspp}fZ#uOZÆF´\ﬂi%eN Zph%e£]`\pZpk]`gTe2iw¦_xZikc
ÅOxÅO
.0/210/ 7B V(U9BH;PŁ9BH6 GH6 Kp@MeHU46 @P VHU4M2DF=HGT6
Ê0d}fZ%cOespdJh%e2ikeWZ%g'cfZ_xZph?cJikdfe£]`eWphﬀuOZ¤ywi'\_xps%cF_jik]`gLZ'cF]w}fcFggik]bZ%dfe*ikk]`gﬀ%eNﬀuOW}fhpZph
}JikgcFdspcOgikdfe0uOZgpZngL]uk]xhphZ%\Z%dfe°hdfeegLªph!ik]¦_xZph0Ê0d¢hfŁ ike£eWZ%du}Jikgvik]`_`_xZ%cOgLhp0©¥spZ^cfZ_xZph
cAikdfe]`eWphuOZywigL]u
}gLkZ%dikdfeuOZph]`dfeWZ%giOs%e]bdJhv}JihphpZphZ%dfegLZ
cOdZywik_ji{z|]bZ¥Z%_`_a]~}e£]cfZZ%e
u[Ł ikcFegLZphywik_ji{z|]bZphp<h]bZ%dfe[¦%Zikcspc}v}_acwhEykgikduOZphlpÍTZpg£ywi
È
i
È
]xhTZ%eik_jj§ÅJ´w´k³ﬂ
µ
di%}w}¢¿ﬀc}fZ%dJ
³w»w»O½prk
Y[Zph'spcOgikdfenh0uOZgLZngL]uk]xhphZ%\Z%dfeAhdfe§uOZph9}ftf%d\ª%dZphCcF]dZ¤hZ_a]`\^]`eWZ%dfe}Jihikcz?ywik_ji{z|]bZph
spZ%dfe£gik_xZph'u[Ł ik\ihFY Ł iOsps%gL%e]bduOZCywiﬀ]`dfegik4ik\ihﬀi#hikdJhﬀuOcOeWZ'_a]bZ%cikcwhph%]9ikcOeNcOgﬀuOZphCywik_ji{z|]bZph
Z%_`_a]~}e£]cfZphsp\^\ZT_xZ#\dfegLZ#_xZph k¦%hZ%gike£]bdJh#uwikdJhH_ji-¦pikduOZ¬EEZW}fZ%duwikdfe`]`_gLZph%eNZuk] És%]`_xZ
©_Ł tfZ%cOgLZiOs%ecfZ%_`_xZuOZ}fcFk]`gT]uOZ%duk] «0Z%gT_xZ sp\H}fhikdfeJgL]uuOZphspcOgikdfenhuOZ#gLZngL]uk]xhphZ%\Z%dfe
ikcFeWcOg^uOZphywik_ji{z|]bZph^Z%_`_a]~}e£]cfZphsp\^\ZspZ%_jiiv}cÄ­%egpZE!ik]`eﬀikcÄspZ%dfegLZuOZphik\ihuOZywik_ji{z|]bZph
  
    	 
 6 
	



 	e 

 
YŁ ik\H}_a]`e£cJuOZ#ukc }ftf%d\ª%dZHuOZsp_a]`dOyÙ?Ú¹Zph%eEZn#Zps%e]`kZ%\Z%dfe§yk]jywikdfeWZphcfZuwikdJhT_xZph#ik\ih#uOZ
ywik_ji{z|]bZphpik_xgLhc¤Ł ]`_Zph%eE\ikg£yk]`dik_}fcFg_xZphHywik_ji{z|]bZphvZ%_`_a]~}e]cfZphu[Ł ik\ih
 
	E,9$	
Y Łk¦%hZ%gike]bd¹uOZph¢spcFgikdfe`h¥uOZgLZngL]uk]xhphZ%\Z%dfeuwikdJh
_xZuO\ik]`dZ
\^]`_`_a]`\%eg]cZ
i}fZ%g
\^]xh uOZ#\dfe£gLZ%g#_ŁZz|]xh%eWZ%dspZuOZ?ywi \_xps%cO_jik]`gpZikcspZ%dfe£gLZuOZvspZ%ge2ik]`dJhik\ih uOZﬀywik_ji{z|]bZph9Y*Zph
s%]¦_xZph#dfe¤%eNsptf]xh%]bZph°}fcOgﬀ_xZ%cFg?e2ikczuOZHuOW}fh%]`e£]bd
uOZ?\ihphZ#%_xZ%kphHu[Ł cFdZ¤}Jikge¤Z%e_xZ%cOg9{g%eWZ
_acF\^]`dh%]`eW-uwikdJh_ji¢¦pikduOZ¶
α
u[Ł ikcOegpZ}JikgebY*Zph%\^]xhph%]bdJhuO%eWZps%eNpZph^hdfeﬀegLªphﬀ!ik]¦_xZphpT©¢_ji
_a]`\^]`eNZ^ukcdf]`kZikcuOZ¦gcO]`e?ike£eWZ%]`dfe`°}fcFgebikdfe'e£gLªph-¦pih *dÛs%g]`eNª%gLZuOZ hZ%_xZps%e]bdh%eg%]bs%e?iuOds
%eN %ebiw¦_a]f}fcOguk]xh%e]`dOykcfZ%gHegp]xh sikeWbyOg%]bZph#uOZﬀh%]jykdik_<Õ*_xZphuO%eWZps%e£]bdJhp_xZph}fhph%]¦_xZphHuO%eNZps%e]bdJh
Z%e¤_xZphdduO%eNZps%e]bdJh9ocO]`ikdfespZphvs%g]`eWª%gLZphp¤_xZgLph%cO_ae2ike0Zph%eEc¤ŁZ%dfe£gLZHh%] z
Z%euk] zhcOgLspZph}Jikg\^]
_xZph
Æ|ÅÏik\ihk¦%hZ%gkphp %\Z%eeWZ%dfe uwikdJh_xZphgik]bZphukcÏ\d!z|®|uOZ
uOZsikg!¦%dZCm%_®iuOds
ukc
ywi\_xps%cO_jik]`gLZikcspZ%dfegLZ uOZ spZ%g%ebik]`dJh ik\ihuOZ?ywik_ji{z|]bZphiw¦g]`e2ikdfe¤cOdÄspcOgikdfeuOZgLZngL]uk]xhphZ%
\Z%dfe29Y[Zph\ihphZphuOZHywi \_xps%cF_jik]`gLZ^spggLZphW}fduwikdfeNZphdfe?Z%dJh%cO]`eNZ^%eW^%ik_acpZph?ykgÃOspZv©cOd
Zph%e£]`\ikeWZ%cOgh%e2ikduwikguwE_`_xZph0hdfe°sp\H}g]xhZph#Z%dfegpZﬀÆ`³O´ 8 Z%eÎ`³O´ 10 q

EZphﬀ\ihphZph°}fcOg%gik]bZ%dfe
­%e£gLZ?}_ach%_xZ%kpZphZ%dspgpZpCh%]_ŁdspdJh%]uOª%gLZcfZ^_xZE!iOs%eNZ%cOg^uOZspdfkZ%gLh%]bdÌl£¶
2
r
Ç
m
CO
cFe]`_a]xh
Zph%eC]`dspg%gLZps%eEuwikdJhcOd\^]`_a]bZ%cuOZ¤!ik]¦_xZ\%ebik_`_a]bs%]`eWsp\^\Z_ŁZph%eC_xZTywi]`dfeWZ%gywik_jiOs%e£]cfZT *dZ
Zph%e£]`\ike]bd}_ach}gLps%]xhZ
uOZ
_Ł ik\H}_a]`ecAuOZuOZ
\ihphZph }fhph%]¦_xZphZ%d¥{ds%e£]bd¹uOZ
_ji\%e2ik_`_a]bs%]`eW
ukc\^]`_a]bZ%cZph%e?cOdegikik]`_¤cO]0gLZph%eNZ-©!ik]`gLZTEZph-uO%eWZps%e£]bdJhhdfeHZ%diOspspgu¢ikkZps_xZph^egikikcz
uOZ0uyOZ
l2ÅJ´w´k³%rcO]'iRg\Zikk]`guO%eNZps%eW^_Ł%\^]xhph%]bdÏuOZ'Ê×uwikdJh³O½
ik\ihuOZywik_ji{z|]bZphikc
eNebik_j¤EdÛsp\¦]`dikdfeHspZphuOZ%ckz¥e£gikikczﬀ_xZd\¦gLZveNebik_CuOZ-uO%eWZps%e£]bdhfŁ%_xª%kZ^\ik]`dfeWZ%dikdfe?©
ÅÆv *dSikcOegpZ-gLph%cO_ae2ikeTgpZ%\ikgcJiw¦_xZZph%e?_jiÏspggL%_jike]bdÛZ%dfe£gLZ_xZph\ihphZphuOZvywi\_xps%cO_jik]`gLZ
k¦%hZ%gkpZph¢Z%e _jiÄ_acF\^]`dh%]`eWuwikdJh_ji¸¦pikduOZ¶
α
uOZph¥ik\ihﬀY§iRsikchZuOZ¥_ji
}gpphZ%dspZ¥uOZspZph
uOZ%ckz%\^]xhph%]bdJhTuO]`e°uOdsH­%e£gLZsp\^\^cOdZ#Z%e}gLk¦piw¦_xZ%\Z%dfe*_a]bpZT©v_ji?}gLphZ%dspZTu[Ł cOd¢spcFgikdfeuOZ
gLZngp]uk]xhphZ%\Z%dfeb0ikgik]`_`_xZ%cFgLhpTd¥}fZ%cOeHspdJh%e2ikeWZ%gc¤Ł cFdZ_a]`\^]`eWZ^uk]xh%e£]`ds%eWZi%}w}Jikgi`e?Õ_xZphuO%
eNZps%e]bdJhuOZ^'Ê dfe¤_a]bZ%cv}g]`ds%]~}Jik_xZ%\Z%dfe}fcOg?Yl£¶
α
r ³O´ 40 Z%gbywjh −1 EEZphHgpph%cO_aebikenhThcF_xª%kZ%dfe
uOZd\¦gpZ%cwhZphvcfZph%e£]bdJh0cfZ%_`_xZph hdfe_xZph?}g]`ds%]~}Jik_xZphhcOgLspZph^uOZ#ywigL]u0cfZ%_`_xZZph%e0_ji
}JikgevukcÄywiuOW}fh}Jikg_xZspcOgikdfevuOZ
gpZngL]uk]xhphZ%\Z%dfevZ%espZ%_`_xZ¥ukcÄywiikggiOsptfv}Jikg
_ji¸sp·
spZ%dfe£gik_xZikczikcFegLZphywik_ji{z|]bZphuOZ_Ł ik\ih Y§i\Zph%cOgpZukcÄgi%}w}fg%eywi
Ç
}fcwhph%]bª%gpZH}fZ%g%\Z%eegik]`e
u[Ł i%}w}fgeNZ%gTcFdZ{g%eWZvspdfegik]`dfeNZTh%cFg_Łg]jyk]`dZukcywivuO%eWZps%eN§EdZn#Z%e`h%]_Łg]jyk]`dZuOZvspZ%_acO]`
s%]Zph%e_xZHywiv]`dfeWZ%gywik_jiOs%e£]cfZ gLZngp]uk]x'd¢hfŁ ikeeWZ%du
©¢k¦eWZ%df]`gcFdgi%}w}fgeEegLªph%_xZ%kp9}cF]xhcfZ
_ji}fchph%]bª%gLZvdZT}fZ%cOeEh%cOg%]`gLZ^uwikdJh_xZywi-sptJikcAu
]`dfegik4ik\ihl2k]`gikdfdZzFZ ·rk°Y§i¥cZph%e]bd
uOZ
_Ł ]`\H}fgebikdspZ¥ukcÉspcFgikdfeuOZgLZngL]uk]xhph%\Z%dfe}Jikg
gi%}w}fgeikcz¥}ftf%d\ª%dZphuOZ¢sp_`_a]xh%]bdJ
]`dfeNZ%giOs%e]bdJ}gLZphph%]bd¢uOZ¦pik_jik®|iyOZ}fcOikdfe'Zz|egik]`gLZ_xZTywiuOZph?ywik_ji{z|]bZph Z%df]`gpdfdikdfeWZphpgpZph%eWZ
uOdsv}fhpZﬀY§iRsp\H}Jikgik]xhdSuOZphe2ikczuOZ¢uOW}fh%]`e]bdÉuOZ\ihphZikkZps
_xZphcAikdfe]`eWph¢uOZ-ywi
gL]uZn#Zps%e£]`kZ%\Z%dfeEuO%eWZps%eNpZph \dfegLZvcZ^spZphvuOZ%czykgikduOZ%cFgLh dZ#hdfe*}Jih]`dsp\H}Jike]¦_xZphp°h%]
_Łd}gLZ%duZ%dSspdJh%]uO%gike£]bd_xZphebikczgLukcO]`enhp?]xhph%cwhuOZphgLpspZ%dfeNZph
k¦%hZ%gike]bdJh-uOZ¢tJikdukgi
Z%eC¬q¥q¢bÌZ%Ú¤eWdCY*Z#}gLk¦_xª%\ZgLZph%eWZikcwhph%]'uOZ-spdfdi`e£gLZ^_Ł ÃyOZuOZph-spcOgikdfenhuOZ^gLZngL]uk]xhphZ%
\Z%dfe2¤o]TspZ%cz|s%]hdfeTuOZph#}ftf%d\ª%dZph^uOZspcFgeWZ-ukcOgppZl} ∼ ³ÏÍ0®g2rHik_xgLh^_xZph^\ihphZphuOZ
ywi-\_xps%cO_jik]`gpZ
Z%e?_xZphebikckzuOZuOW}fh%]`e]bduOZ\ihphZhdfeZziOs%eNZ%\Z%dfesp\H}Jike£]¦_xZphTEZW}fZ%df
uwikdfe_xZphsp_xdfdZphuOZ%dJh%]`eNu[Ł iw¦%hg!¦pikdfeuOZ_Ł%\^]xhph%]bd¬ hdfe?Z%df]`gpdcOd¸gukgLZ^uOZ#ykgikduOZ%cOg
}_achykgikduOZphcZspZ¥cZ_ŁdSe£gLcOkZ^}fcFgÌl£¶
2
r^sp\^\Zdch
_xZkZ%ggpdJh¥ikcÐsptJi%}]`egLZÎ
}fcFg
²
¦%Z%_`_°³AÁ¯»wÖw¤Y§icJikdfe£]`eW-uOZywi'gL]uZph%e£Z%_`_xZuOdsZ%dspgLZH}_acwhykgikduOZikcspZ%dfegLZ-uOZph
  
 
	  
ik\ihTY*ZphspcFgikdfe`huOZvgLZngp]uk]xhphZ%\Z%dfe¤hdfeW]`_~huOZph?}ftf%d\ª%dZphvuOZ_xdOykcfZ^ukcFgLpZc¦]bZ%d
spdfdik]xhphZ%dfe£W]`_~hvuOZph?}ftJihZph^iOs%e£]`kZphZ%e}ftJihZphuOZvgLZW}fh_a]bpZph?}JikgZzFZ%\H}_xZ^©
_ji^}gLphZ%dspZe£gLªph
spcFgikdfeWZu[Ł cFd
²
ÍEÌ spZ%dfegik_-Ì \¦gLZ%chZphhdfev_xZphcfZph%e£]bdJhcOkZ%geNZphUﬀZ%kZ%ddJh
h%cFg_xZ
uOZph%e£]`d¹ukcÄywi¥gLZngL]uk]E\¦]bZ%dSuOZ
eWZ%\H}fh_xZph
dfcJiyOZph#gL]uhv}fZ%cOkZ%dfeW]`_~hh%cOg%]`gLZuwikdJh_xZ
\^]`_a]bZ%c¢]`dfegik4ik\ihpﬀcfZ%_`_xZ-Zph%e_Ł ]`\H}fg%ebikdspZuOZphT}ftf%d\ª%dZphu[Ł%i%}fgike]bd¸Z%e'uOZ-sptJikcTiyOZ
ukcywil2eWZ%_[c¤Łd_xZ^spdJh%e2ikeWZvikcFeWcOguOZphHywik_ji{z|]bZphZ%_`_a]~}e]cfZphWr  0cfZ%_`_xZ^Zph%e_ji }gpp}fge]bduOZ
ywicF]¤}fZ%cFe{g%\Z%guOZph%eN]`_xZph [4ikWeW]`_cFdÛ¦]ik]xhuOZ_Ł mLq kZ%gLh-_xZph }fZ%e£]`eWZph-\ihphZphY§i
eNZ%duwikdspZHiOs%ecfZ%_`_xZ?hZ%\¦_xZ?giOspspguOZ%gﬀ_xZphTe2ikczuOZ{g\ike]bdh%eNZ%_`_jik]`gLZZ%e°_xZph?ebikczuOZ#uOW}fh%]`e]bd
uOZ^\ihphZpﬀuOdfe?_xZ^gi%}w}fgeﬀeWZ%du¥kZ%gLh_Ł cOdf]`eN-ikkZps_jigLp%ik_acAike]bdJ?©¥_ji¦pik]xhphZp?uOZphe2ikczuOZ
uOW}fh%]`e£]bduOZ \ihphZ
Y[Zph
sptJi%}]`egLZphh%cO]`ikdfenh#}fgeWZ%dfeﬀh%cOg_Ł%e£cJuOZu[Ł cOdik\ih#}Jikge£]bs%cO_a]bZ%g-Õ
²
¦%Z%_`_C³AÁ¯»wÖw°m_~h-i%}
}fgeNZ%dfe°cOdps%_jik]`giyOZﬀh%cOg#_xZph}gpp}g]b%eWphTe£gLªph}Jikge]bs%cF_a]bª%gLZph#ukc¢spZ%dfegpZuOZphik\ihuOZ'ywik_ji{z|]bZphZ%d
}gLZ%dikdfesp\^\Z
ZzFZ%\H}_xZ
²
¦%Z%_`_³AÁ¯»wÖw EcO]xh-cFdZikdik_a®hZuOZphuOdfdpZphtJikdukgi¢uOps%g%]`eT_Ł i%}
}gLsptfZukc}ftf%d\ª%dZ^uOZ-spcOgikdfeTuOZ^gLZngL]uk]xhphZ%\Z%dfe'©^}Jikge]`gukcÄuO\ik]`dZuOZph#¬Óikikdfe'_xZ
uOZ%gdf]bZ%gvsptJi%}]`e£gLZcO]}gLphZ%dfeNZ_xZph gLph%cO_ae2ike`hvuOZ _jisikgeWykgi%}ftO]bZ ukcywiv\_xps%cO_jik]`gLZikcspZ%dfegLZ
uOZspZ%eik\ihp0Zn#Zps%e£cfpZphTykgÃOspZ©_Ł ]`dfeWZ%g`{%gp\ª%egLZuOZ_Ł m`
²
q
  
    	 
 6 
	



 	e 

 
  	
 
     ﬀﬂﬁﬃ
 "!#$%&'ﬁ 
(
;CBEDF69BEDF8
)
G+* ,.-0/213/547698;:</2=+/?>	@+8A4CB7DE8F=+=G*<H?IKJ G(GgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG H?L
Mcz<cz N h [`Wga\OPOea\X%f R Mf OFZIMPOtMf R8QRQ q        q        q ~TS
Mcz<VU W@f QlWYX%bej5X X%Z\X%T<a\QqjtMbedea\]`_8Zca\k`bPQ         q        q ~TS
Mcz<VM w acf [`W*Mdea\ﬂ_ Q R8Q ZIMSTﬂMZIMn9a\Q ]^Q`f2deb#MZ\Q      q        q ~TS
Mcz< S N
Q R8X%W*Macf QqX%j8dea\2_ Q     q        q        q ~<~
)
G\E ,E/3Y[ZA:\@+]K^`_A8a^\bcY[/2=d8 G(G(GgG(GSGgG(G(GgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG HKH
MVUcz N MSb#M%Ra\XYOPX%_8bP]^Q ]^Q`f2deb#MZ\Q   q        q        q ~<~
MVUVU N h [`Wga\OPOea\X%f Z\QlZ\X%f8T R8Q^OsZ\XeO3Q^OFb#M%Ra\X<O      q        q ~<~
)
G
) f
^g1 @h=+@+8Fi`1ji9=dbk@mlonqp9/54cZ GgG(GSGgG(G(GgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG rKs
MVMcz W@f Q [`Wga\OPOPa\X%f R_ TﬂMVutSdPQ`Wgj[`b#Mde_8bPQ acfﬂdPQ`beWY[^RaIMacbPQ      q vxw
MVMVU N MSj8bP[^OPQ`f ]^Q R8Q TﬂMVqWYX%Z\[^]`_8ZIMacbPQ        q        q vxw
 R   {   H	  	  	   	
	 
Nﬃ ﬃ
 ﬁﬃﬃ#"$%ﬀ'%v
ﬀ/3C/43 *PQMN8O8FMN;CB GH@CBH8UN@Ł#@CBTGH6ﬁﬀ
²
¦%Z%_`_H³AÁ¯»wÖSZph%ecOd g]bsptfZik\ihuOZywik_ji{z|]bZphh%]`ec©cOdZuk]xh%e2ikdspZu[ŁZ%df]`gLdÐÅÁ´Äq}fsp
u[Ł i%}gLªph?_xZphH\Zph%cOgLZphp}e£]cfZph#uOZ#uOpsik_jiyOZ'hW}fZps%e£gik_§Zn#Zps%e£cfpZphC}Jikgﬀ¶H]`_`_9¿×ÊTZbyOZ%g%_xZlN³w»w»|Æ!rk°EZ%e
ik\ihﬀegpªphC}Jikge]bs%cF_a]bZ%gL¤sp\^\ZﬀdcwhHik_`_xdJhﬀ_xZTk]`gLi-%eN?_jikg£yOZ%\Z%dfe¤k¦%hZ%g%k?uwikdJh?_xZHuO\ik]`dZ
uOZphv¬H\ik]xhbywik_xZ%\Z%dfeikcz_xdOykcfZ%cFgLhu[ŁduOZ-giwuk]bÄZ%ep}e]cfZY*Zph¥k¦%hZ%gike£]bdJhuwikdJh-_ji
¦pikduOZ¤¬#[ikkZps0_xZphhikeWZ%_`_a]`eNZphEE]`dJh%eNZ%]`dlﬃﬂfdZphp[³w»AÁ¯»%r
²
o[
²
l 9iw¦]ikdJ9³w»w»Î3A¬c
Z%eik_jj9³w»w»|¼!r
Z%e@ Êo
²
º7l£¾'g%]bZ%_°¿ ¶ Z%dfg®¯0³w»w»O½<
²
_`_xZ%d¸¿ *iw¦]ikdJE³w»w»AÁ¯iﬂ
²
_`_xZ%dÏZ%e0ik_jjEÅJ´w´k³%r
dfe\^]xhZ%d
%]uOZ%dspZ_ji}gLphZ%dspZvu[Ł cFd}]bsvuwikdJh_ji¦g%]`_`_jikdspZ uOZ h%cOg`!iOspZikcspZ%dfegpZuOZ_Ł ik\ihp]`dfeWZ%gW}gL%eW
}Jikg^_ji}gLphZ%dspZ-u[Ł cFdSspcOgikdfe#uOZgLZngL]uk]xhphZ%\Z%dfeH%ebiw¦_a]?uwikdJh_xZph ∼ ÅJ´w´ È }fsspZ%dfe£gikcz E_ach
gLpspZ%\^\Z%dfen 9iw¦]ikdZ%eik_jl2ÅJ´w´k³%r-dfe\dfe£gLp[ykgÃOspZikchikeNZ%_`_a]`eWZtJikdukgi_ŁZz|]xh%eWZ%dspZu[Ł cOdZ
h%e£gcfs%e£cOgLZik_`_xdOyOpZpvg%]bZ%dfeWpZ
h%cO]`ikdfevcOdIi{zFZ
Ì guk2ocAucO]#hfŁ%eNZ%du¸ikch%cAuuOZ_jiywik_ji{z|]bZ
spZ%dfe£gik_xZ§Y[ZC«C_jik\Z%dfek¦%hZ%gkuwikdJh_ji¦pikduOZﬀ¬#9}gLphZ%dfeN C]jywÆ`³0Zph%eC_jikg£yOZuOZ ∼ Î HZ%eC_xdOy
uOZ ∼ Î´!4 9iw¦]ikd¸Z%e?ik_jTl2ÅJ´w´k³%rv}gLphZ%dfeWZ%dfeHbywik_xZ%\Z%dfe0cOdZsikgeNZuOZ^eWZ%\H}f%gikecOgpZ_xZ_xdOy¥ukc
«C_jik\Z%dfencF]Zph%egLZW}gpukcO]`eWZ¤h%cFgC_ji«ykcOgpZEÆ`³wOY*ZeWZ%\H}fhEuOZgLZngL]uk]xhphZ%\Z%dfe_xZ_xdOyHukc«C_jik\Z%dfe
Zph%e[}_acwhspcFge'cfZuwikdJh_xZvgLZph%eWZukcspZ%dfegpZuOZ_Ł ik\ih-lNuOZ_ŁgukgpZvuOZ ∼ Æ`³O´ 8 ikdJhWrZ%e_xZe2ikcz
uOZuOW}fh%]`e]bduOZ\ihphZuwikdJhv_xZ'«C_jik\Z%dfeTZph%e#Zph%e]`\ikcOeNcOguOZ ∼ ³O´q /an  'ikg^ik]`_`_xZ%cFgLhp
_xZphTgppspZ%dfeWZphk¦%hZ%gike£]bdJhC}Jikg?_xZﬀhikeNZ%_`_a]`eWZ¬q¥qbÌ Z%Ú¤eWdÏlºfik\^cFgi-Z%e¤ik_jjÅJ´w´k³%ru[Ł
²
¦%Z%_`_³AÁ¯»wÖ
}gLphZ%dfeNZ%dfe'_xZ\­%\Z^gLph%cF_aebikeHcZT}fcFg^cOdykgikdu¥d\¦gLZu[Ł ik\ih
l ﬀZ%eNZ%gLhdRZ%eTik_jjﬀÅJ´w´Æ!rÕ
_Ł iw¦%hZ%dspZ uOZegiOspZ%cFgvuOZTywi©
uOZpheNZ%\H}f%gikecFgLZph ]`d{{%g]bZ%cFgLZph©
³
È
Z%
ﬀ/3C/b. 7BT6 PQ;¤>JVSH;CUN;@CMN6IVH@C>ODFM4:<=HUNMP§>A6
ÌcwhikkdJhcSuwikdJh_xZph¢sptJi%}]`egLZph}gLpspuOZ%dfe`h
_Ł ]`\H}fge2ikdspZ
cfZgLZ%k­%enE}fcFg_xZph-hsp%dik
g]bh^uOZspcOgikdfe`h^uOZgLZngL]uk]xhphZ%\Z%dfe\^cO_ae£]~}ftJihphpE_ji¥uOpspcFkZ%geWZu[Ł ]`dJtf\yO%d%]`eWphuwikdJhv_xZph
sikgeNZph^u[Ł%\^]xhph%]bd¬v°Y*Z-sih^u[Ł
²
¦%Z%_`_°³AÁ¯»wÖZph%eh%]`dOykcO_a]bZ%gﬀ}Jikgv_ji\g2}ftf_xyk]bZvuOZv_jih%egcs%ecFgLZ
i%}w}JikgLZ%dfeNZ-uwikdJh^_xZuO\ik]`dZ-uOZ^tJikcFeWZph
%dZ%g£yk]bZphCEdSZn#Z%en?_xZﬀ«C_jik\Z%dfeﬀdŁZph%e¤}Jih
spZ%dfe£gL-ikcO
eNcOguOZ_ji¢ywik_ji{z|]bZ¥sp· Z%eHhdÐZz|eNZ%dJh%]bdSuOW}JihphZ_xZphcZ%_jcfZphhZpspduOZphu[Ł ikgLs¢spZ%dfegik_xZphikc
hZ%]`duOZphcZ%_`_xZphHh%]bªbyOZ%dfenuwikdJh _ji\i¨{Z%cOgpZ'}Jikge]bZuOZph^sihp_xZph ]`dJtf\yO%d%]`eNph]uOZ%dfe] «0pZph'}Jikg
_xZ^hikeNZ%_`_a]`eWZ¢tJikdukgiuwikdJh }_acwh%]bZ%cOgphikcOe£gLZphik\ihl£¾Tik®wZ%g
µ
]`\ Z%eik_jjTÅJ´w´Å9 *iw¦]ikdSZ%e#ik_jj
ÅJ´w´Æ2§o<ikduOZ%gLh#¿ *iw¦]ikdJ§ÅJ´w´ÅrkfY§iHywik_ji{z|]bZEh%]`e£cfpZTikc^Ìguukc'«C_jik\Z%dfeZph%eA}gLk¦piw¦_xZ%\Z%dfeZ%d
hs%]`_`_jike£]bduwikdJh _xZ'}cF]`e`huOZ'}feNZ%dfe]bZ%_[uOZ _Ł ik\ihp0Z%e_xZC«C_jik\Z%dfe'k¦%hZ%gk0}fcOg%gik]`eﬀ­%e£gLZu#"ikc
ywi]`dfegik4ik\ihHhZgLZngp]uk]xhphikdfeEuOZ¤!i%$d}g%]`]`_xbyk]bpZ_xZ_xdOy
uOZ_jiegi¨{Zps%eW]`gLZuOZ _jiywik_ji{z|]bZ
ﬀ/3C/
(
M4BU*PQ@°DJMNX0=T6 GH6 U4@ C@CUN@DﬀMN6 :69BEDO>A@CUN6
Y9i-ywik_ji{z|]bZ-spZ%dfegik_xZ
l
²
Õ³|ÆtÎ¼|\ÖkÅO~ÎJhp¤·vZpsÕ'&'ÅJ½
◦
ÆÖ
′
Æ{Î
′′
(ﬂOÅJ´w´w´prdŁZph%e}JihikcgLZW}fh
ikc¢spZ%cFg uOZ#_Ł ik\ih§E_`_xZ0}fhphªuOZHcOdZ]`eWZphphZ}Jikge£]bs%cO_a]bª%gLZu[ŁZ%df]`gLd¢ÆF½kÖ
È
\
Ç
h uwikdJh#_xZgLn{%
gLZ%dfe£]bZ%_§uOZ_Ł ik\ih ikc
gLZW}fh^l£¶#]`_`_Z%eEik_jjC³w»|¼w¼!rkEZ%eeNZ]`eNZphphZZph%e¤gpukcO]`eWZ©³wÖO´
È
\
Ç
hu[Ł i%}gLªph
ÊTZbyOZ%g_xZ^¿ ¶#]`_`_ClN³w»w»Îkrk0EZW}fZ%duwikdfe`C_ji]`eWZphphZ'}Jikg%e]bs%cO_a]bª%gpZuOZ _ji¥sp· Zph%e0uOZ _ŁgukgpZvuOZ ∼ ÆfÁLÎ
È
\
Ç
h_xgLhcfZ_xZsik_xs%cO_CuOZ_ji¥]`eWZphphZ\®Z%dfdZ^uOZphywik_ji{z|]bZph^uOZ^_Ł ik\ihdZ^e]bZ%dfesp\H}eWZcfZ
uOZph ∼ ÅJ´w´ È }fsspZ%dfegikckz¤Y[ZphikcFeWZ%cOgph}gLp}fhZ%dfe'cOdÄhsp%dikg]b-hZ%_xdÄ_xZcZ%_cFdÄhcwh%4ik\ih^ikcF
gik]`e|ch%]bdfd0ikkZps_Ł ik\ih}g]`ds%]~}Jik_}fcFgTZz!}_a]cfZ%g?spZ%eeWZ?uk] #%gLZ%dspZ0uOZ0]`eWZphphZ'\®wZ%dfdZﬀZ%dfe£gLZ
  
  	

 	
3 
   		   	    

C
)
Gh*tJ f XtM_8dW*MTQpRHh OQ`ZcZYzx~%|ﬀ R Mf O ZIM OtMf R8QjQﬂﬁsXeO8dPQ`fﬂ_ QpjtMb Z\QpOMdPQ`ZcZcacdPQ
w XtMf Rb#Mﬃﬁ y tM[O8aIMf Q`d MZ!ﬁ Uxwxwzx "fRa\Oedeacf8T<_ Q Z\Q$# ZIMWYQ`f2d MZcZ\X%f8T[NOe_8acr<Mfﬂd ZIM RacbPQ^]`dea\X%f
%
X%bPR'&(2_ RH f OtM%O) wDMbedPQgR8QSdPQ`Wgj[`b#Mde_8bPQYR_ ]^Q`fﬂdebPQYR8QSZhiMW*M%O*GOQ`ZcZDzx~%|ﬀﬃﬁHRHhiMj8bPk^OqR8Q^O
XeO O#Q`ber%Mdea\X%f OFR_oO#MdPQ`ZcZcacdPQUw XtMf Rb#MﬃﬁLy M[O8aIMf Q`dMZ!ﬁ<Uxwxwzx
 
 {   H	  	  	   	
_Ł ]`dfeN%g]bZ%cOgZ%e#_ŁZz|eN%g]bZ%cOg-uOZ_Ł ik\ihEdSspdJh%]uO%gikdfeHcZ-_Ł ik\ihdŁZph%e}JihgLZ%_ji{zF©ykgikduOZ
ZpsptfZ%_`_xZpdcwhdZv}gLZ%dukgLdJh¢Z%d7sp\H}eNZcfZ_ji}Jikge]bZspZ%dfegik_xZ¥uOZ_Ł ik\ih¢spggLZphW}fduwikdfe ©
_Ł ]`dfeNZ%g]bZ%cOgukcgik®d¸uOZ^gLZngL]uk]xhphZ%\Z%dfel2ÅJ´w´
È
}fsWrk 0ikg^_ji
h%cO]`eNZp0dch-spdJh%]uOª%gpZ%gLdJh^uOds
_ji]`eWZphphZuOZ_ji
ywik_ji{z|]bZ#}Jikggi%}w}fgeHikckzÅJ´w´
È
}fs
spZ%dfe£gikcz·Ł i%}gLªph_Ł ikdik_a®¯hZuOZphuOdfdpZph
tJikdukgi}JikgEeeNg]Z%eik_jl2ÅJ´w´ÅOi%r?_xZspZ%dfegLØuOZuOZ_Ł%\^]xhph%]bd¬ÓdZspØ`ds%]uOZ}JihikkZps-_ji
}fh%]`e£]bdSuOZ_jiywik_ji{z|]bZp\ik]xhhZe£gLcOkZ}_acOe euwikdJh
_xZ#«C_jik\Z%dfen©Z%df]`gLdÉ³wÖikch%cJuuOZ
_jiywik_ji{z|]bZpTspZ-cF]hcFe]bZ%dfeT_Ł ]uOpZuOZ_ŁZz|]xh%eWZ%dspZu[Ł cOd\cFkZ%\Z%dfeHhs%]`_`_jikeW]`gLZuOZ_jiywik_ji{z|]bZ
ikcFeWcOgvukcspZ%dfegpØuOZ uOZ _Ł%\^]xhph%]bd¬
Y Ł ]`dfeWZ%g2}gL%e2ike]bdÄ_ji}_acwhT}gLk¦piw¦_xZﬀ}fcOgZz!}_a]cfZ%gspZ«C_jik\Z%dfeﬀi%eNT}gLp}fhpZ'}Jikg 9iw¦]ikd
Z%eEik_jEl2ÅJ´w´k³%rk9Y*Z¤«C_jik\Z%dfe}fcOggik]`e'­%egLZcOdNE_a]`dOyÚi
È
Z±EsfŁZph%e£4©k4uk]`gLZ#cFdgLZngL]uk]xhphZ%\Z%dfe
ukcywi0]`dfe£gik4ik\ihEegpªphTZÉsiOspZ'uwikdJhE_xZh%]`_`_jiyOZ0uOZ0_ji?ywik_ji{z|]bZﬀspZ%dfe£gik_xZFEdZn#Z%e`*©?ykgikdugik®wd
l  ∼ ³O´w´ È }fsWr _xZ
ywiÄsptJikcAuuOdfe_jiÛuOZ%dJh%]`eWZph%e?}_acwhv!ik]¦_xZ¢cfZuwikdJh_jigLbyk]bd spZ%dfe£gik_xZ
Z%e uOdfe_xZ
eWZ%\H}fh¥uOZgLZngp]uk]xhphZ%\Z%dfe Zph%e ihphZ¥_xdOyl ∼ ³O´ 9 ikdJhWrE}fcFggik]`ek]`g_xZ}feNZ%dfe]bZ%_
ykgik]`e2ike]bdfdZ%_uOZ_ji-ywik_ji{z|]bZZ%dhs%]`_`_jike£]bdsp\^\ZcOdZ^_a]jykdZvgpZW}gLphZ%dfebikdfe0_ji
e£gi¨{Zps%eW]`gpZuOZ
spZ%_`_xZ%s%]°EZﬀhZ%gik]`e¤uOds?_xZ#_xdOyuOZspZ[«C_jik\Z%dfe¤cfZ#_xZ0ywiThZ#gLZngL]uk]`gik]`e}_acwhT]`eNZcCŁ ik]`_`_xZ%cOgLh
ikcÄspZ%dfegpZ^uOZv_Ł ik\ih
²
]`dJh%]x?dhfŁ ike£eWZ%du©¢spZ^cZ_xZywivhZgLZngL]uk]xhphZuwikdJh_Ł ik\ihZ%eﬀ©_ji
]`eNZphphZHuOZ?_Ł ik\ih¤}cO]xh'h]`e¤iOsps%gL%eW¤}JikgT_jiywik_ji{z|]bZspZ%dfegik_xZY*Z*«C_jik\Z%dfeegiOspZuOds?_xZywicO]
hfŁZph%eCgpZngL]uk]°_xZ _xdOyuOZ _ji-e£gi¨{Zps%eW]`gLZvuOZ_ji^ywik_ji{z|]bZ
Amas de galaxies au repos
v =0 km/s
Galaxie cD
Filament 
Courant de refroidissement 
le long du sillage de la galaxie centrale
v = 374 km/s
v = 200 km/s

C
)
GIEJ wBX9X%Zcacf8TDM
	Q (9]^[`ftMbea\XoOPQ`Z\X%f Z\Q^ﬂ_ Q`Z Z\QgTﬂMV R Mf OUZ\Q)# ZIMWYQ`f2dg[`WYQ`ded#Mfﬂd(R Mf O
ZIM OtMf R8Q QO#Q`b#MacdFa\OPOe_ RHh _8fo]^X%_8b#MfﬂdR8Q bPQ bPX%a\Ra\OPO#Q`WYQ`fﬂd@j8Zc_ OmM%]`dea Z\Q Z\X%f8T*R_ OeacZcZIMTQqR8Q ZIM
TﬂMZIMna\Q _8f Q ZcacT<f QqX ZIM(R8Q`f OeacdP[ WYXQ`f8f QqQ^OedFj8Zc_ OFT<b#Mf R8Q ﬂ_ QqR Mf OsZ\Q bPQ^OedPQ R8QlZhiMW*M%OQ`d
X Z\Q bPQ bPX%a\Ra\OPO#Q`WYQ`fﬂdFb#M%RaIMdea Q^Oedsj8Zc_ OQ*]}M%]^Q<
   
   

 ﬃ     	
  9 
ﬀ/3C/ 6 GH;PQ@CMNBH6 ;CV?DFM4X=H6
Y9i^}gpphZ%dspZuOZd¦cO_xh%]`eNph-p}e£]cfZph%\Z%ee2ikdfeTuwikdJh^_ji¥gik]bZv¶
α
ikcspZ%cOguOZ_Ł ik\ihZph%e
\^]xhZZ%d%]uO%dspZ#ikcspZ%dfegLZ u[Ł
²
¦%Z%_`_<³AÁ¯»wÖw<Y[Zﬀywik¦%hZ%g%kuwikdJhspZph#gik]bZphu[Ł%\^]xhph%]bdlpEÚ¤]bZ
Z%e¤ik_jj³w»|¼wÆ2[ikd¾ﬀgLZ%ckyOZ%_Z%e¤ik_jj°³w»|¼{Î3EEÚ¤]bZp³w»|¼Öﬂ9¶#c¥Z%e¤ik_jj³w»|¼Öﬂ9¶ Zps
È
\ikdZ%e°ik_jj³w»|¼»ﬂ
²
dfeNdJ¤³w»w»|Æ!rZph%eh%]`e£cf ikcOeWcFg uOZH_jiywik_ji{z|]bZ spZ%dfegik_xZp\ik]xh bywik_xZ%\Z%dfe_xZ_xdOyu[Ł cOd «C_jik\Z%dfe
spØ`ds%]uwikdfeCikkZpsH_jih%e£gcfs%e£cOgLZ]uOZ%dfe] «0pZuwikdJh#_ji¦pikduOZﬀ¬#sp\^\Z#_xZ\dfegLZ%dfe¤_xZph°«ykcOgpZphÆ`³
Z%eÆÑÆfY9iv_acO\^]`dh%]`eW'¶
α
&
	£Ì'mmHZph%e°uOZ?_ŁgukgLZTuOZH³O´ 41 Z%g£ywjh −1 ¤Z%df]`gLdcOd¢gukgLZHuOZykgikduOZ%cOg
]`d{{%g]bZ%cFg©_ji_acF\^]`dh%]`eWﬀ¬
²
_Ł ]`dfeW%g]bZ%cFg ukc«C_jik\Z%dfe`0Z%dgLZ%ikdsptfZp¤_xZph#gLbyk]bdJh%\Z%e£eg]bspZph
Z%dR¬ Z%eZ%dÐ¶
α
dZhdfe?}JihÄZziOs%eWZ%\Z%dfespØ`ds%]uOZ%dfeWZphTY[Z«C_jik\Z%dfe-Zph%eikcwhph%] ]uOZ%dfe£] «0©
e£gikkZ%gLhH_ŁZzFspªphu[Ł%\^]xhph%]bd¥¦_xZ%cfZl£qÄspÌik\ikgiZ%eCik_jj¤³w»w»O½wsWr°cF]u[Ł i%}gLªph#_xZph#ikcOeNZ%cOgLhvZph%eCukcfZ
_ji}gLphZ%dspZ-u[Ł%eN]`_xZphﬀ¨{Z%cOdZph_xZ_xdOyukc-«C_jik\Z%dfe0hcwh-_ji{g%\ZuOZ}fZ%e]`e`h¥spduOZ%dJhike`h-ikcwhph%]
uO%eNZps%eWph?Z%dÏ TËl£q]`eebi#Z%e[ik_jjÅJ´w´k³%rT_xZ0_xdOy uOZ0_ji}fhph%]¦_xZEe£gi¨{Zps%eW]`gLZﬀuOZ_jiTywik_ji{z|]bZFY§iC«ykcOgLZ
ÆÑÆ\dfegLZ#_jiuk®dik\^]cZukcywiuO%eWZps%eWvZ%d
¶
α
§Y[ZphH]`eWZphphZph#]`duk]cfpZphThdfespZ%_`_xZphZph%e]`\pZph
uwikdJhE_xZgLn{%gLZ%dfe]bZ%_JuOZE_ji?ywik_ji{z|]bZikcgLZW}fhFY ŁZ%dJhZ%\¦_xZukcE«C_jik\Z%dfe[Zph%e*©cFdZE]`eWZphphZ0uOZ ∼ 4³wÖO´
È
\
Ç
h'}Jikgvgi%}w}fge'©_ji
]`eNZphphZuOZ_jiywik_ji{z|]bZ0Ê0d}fZ%cOek]`gL*}Jikg^ik]`_`_xZ%cOgLhp'c¤Ł ikc¥Ì gukÊ0cZph%e
uOZ_ji¥sp·#C_xZ?ywip}e£]cfZZph%e©cFdZ ]`eWZphphZuOZNÆÖO´
È
\
Ç
h}Jikg gi%}w}fge©-_ji^ywik_ji{z|]bZspZ%dfegik_xZ
 Äﬃ 'ﬁ$ 	  E )ﬃ %
ﬀ/2.0/43 @Q>A@CGHMN;Â8O;C=T>A:<6 :69BDF>J@CU46
Y9i?ywik_ji{z|]bZ?spZ%dfe£gik_xZ0iw¦g]`eNZ0cFdZhcFgLspZgiwuk]b0Î*(&'ÅJ½k~ÎfÅuOZe£®p}fZ BÛm#lpÍTZH¿IÊ0ÚZ%dJ§³w»w»|Æ!rk
·Z%cz¨{Z%enhgiwuk]bh^hdfe?]uOZ%dfe£] «0php?cF]}gLphZ%dfeWZ%dfeTcOdZ
spcFg!¦cOgLZuOZ»O´
◦
sp\^\Z_xZ\dfe£gLZ%dfe
_xZph?]`\iyOZph#uOZphH_xk¦%Zph?giwuk]bh%cOgT_ji0«ykcFgLZHÆ~ÎH<Y*ZphH_xk¦%Zphdfe}gpk¦piw¦_xZ%\Z%dfe¤%eWuO%eWcFgdphC}Jikg
_ji}gpphZ%dspZu[Ł cOdZcJikdfe]`eN h%cx¸hikdfeWZuOZ\ike]bª%gLZiOsps%cO\^cF_xpZikcÌ gukbCh%eTZ%e?ikc¢ocJukÊ0cZph%e
uOZ_jihcOgpspZvspZ%dfe£gik_xZ
ﬀ/2.0/b. *PQMN8O8FMN;CB UN6 U4;CBUQGH698UN;sv698>J@GTMN;8
Y[Zﬀ}]bsvu[Ł%\^]xhph%]bduwikdJh _ji¦pikduOZT¬ dZspØ`ds%]uOZ}JihvikkZpsv_ji }fh%]`e]bduOZ_jigiwuk]bhcOgLspZ
spZ%dfe£gik_xZp°\ik]xhHhZ#h%]`ecZv©Z%df]`gLdÖ?ikc
Ì guuOZspZ%_`_xZ%s%]CZ%e'spØ`ds%]uOZikkZps_xZ0}]bsu[Ł%\^]xhph%]bd
Z%dÏ¶
α
EYŁ%\^]xhph%]bd¸d¦cO_jik]`gpZuO%eWZps%eWpZ
ikcOeWcFguOZ_jiywik_ji{z|]bZ
spZ%dfegik_xZ^hZegLcFkZ_xZ_xdOyuOZph
_xk¦%ZphTgiwuk]bhl2ikd¾ﬀgLZ%c|yOZ%_9Z%eik_jj°³w»|¼{ÎkrkŁZph%e_j©bywik_xZ%\Z%dfe°cCŁdfeE%eW uO%eWZps%eWpZphuOZphHgLbyk]bdJh
u[Ł%\^]xhph%]bd-Z%dY®
α
lpÊ-Ł uOZiÅJ´w´ÆtJikg_xe£eWZph%]`_`_xZﬀspd{{%gpZ%dspZWrHZ%e*uwikdJhE_xZ'uO\ik]`dZ TËÏlbo\^]`e`t
Z%eﬀik_jj0³w»w»AÁEq¢]`ee2iZ%eﬀik_jjÅJ´w´k³%rkY§i#«ykcFgLZÆ~ÎÄ\dfegLZ_ŁZ%dJhZ%\¦_xZvuOZph]`\iyOZphk¦eWZ%dfcZph^©
uk] #%gLZ%dfeNZphC_xdOykcfZ%cOgphu[ŁduOZEuOZphE³w»°spZ%dfe£gik_xZphuOZC_Ł ik\ihÊ0dH}fZ%cOek]`gh%cFg_ji#uOZ%gdf]bª%gLZC]`\iyOZ
lZ%d¸¦pih-©ukgL]`eWZWr_ji}gLphZ%dspZuOZH}fchph%]bª%gLZphp'\^]xhZZ%dÛ%]uOZ%dspZH}Jikg E]`d
È
dZ%®Z%e#ik_jTlN³w»w»O½prk
YŁZzFspªphu[Ł%\^]xhph%]bdÄ¦_xZ%cfZp0_xZ_xdOyuOZph_xk¦%Zphp0dZ?}gLphZ%dfe2ikdfe?cfZH}fZ%cÏc}Jih^uOZH}f_jikg]xhike]bd
l£qÄspÌik\ikgi Z%e*ik_jj§³w»w»O½wsWr9Zph%ehikdJh0uOcOeNZE_a]b0©#_ji}gLphZ%dspZu[Ł cOdZ¨{Z%cFdZ*}fp}cO_jike£]bdu[Ł%eW]`_xZphp
spZ0cF]9Zph%e[sptf%gLZ%dfe9ikkZpsE_ŁZ%dJhZ%\¦_xZuOZph'uOdfdpZph'k¦eNZ%dfcfZph0uwikdJhE_xZph'ikcOegpZph_xdOykcfZ%cFgLh'u[ŁduOZph
Y§i?{g\ike£]bdu[Ł%eW]`_xZphZph%e9}gLk¦piw¦_xZ%\Z%dfeiOspsp%_x%gLpZE}Jikg _ŁZz!}JikdJh%]bduOZph_xk¦%Zphgiwuk]bh
ﬁﬀﬃﬂﬂ!   #" $&%')(*" +-,.')/&,102,.$2" 35467ﬂ!89(-(:1;2(! ﬂ
 A       H	  	  	   	

C
)
G
)
J  fﬂXtM_8d* W*MTQlRHh OQ`ZcZ zx~%|ﬀ(Q`f
α 
%
  ﬁHywBX sa\Q Q`d@MZ!ﬁHz}|xvxM 5N h acW*MTQqQ^Oed
t ZIM W
	`WYQg[^]oX Q`ZcZ\QﬀﬁLM^rQ^](ZIM W
	`WYQgX%bea\Q`f2d#Mdea\X%f 2_ Q(Zh acW*MTQ*w XtMf Rb#M  f3OtM%O)HOP_8j3Q`bejX<OP[
M_n ]^X%fﬂdPX%_8bPO
α
ﬁZ\Q ]oXtMWgjoR8Q r9acdPQ^OPOPQlR_ TﬂMV ﬁtRHhiMj8bPk^O_ Q`d@MZ y{z}|xvﬀ
   
   

 ﬃ     	
  	

C
)
G0L J W*MTQ^OsR8Q^O z}| m]^Q`f2deb#MZ\Q^O@RHhGO3Q`ZcZ zx~%|ﬀ t(RaH[`bPQ`fﬂdPQ^O@Z\X%f8T<_ Q`_8bPOFRHh X%f R8Q^O}[^Oe_8Z &
d#MdPO@bP[^Oe_8WY[^Oj3X%_8bFZIM*]^X%f  [`bPQ`f ]^Q	 X Q
@a\R8RZ\QqX
 ]^X2X%Zcacf8TtX FOacf TﬂMZIMna\Q^OmMf Ro]`Zc_ OedPQ`bPOX

TﬂMZIMna\Q^O ljtMb"Sh R8Q}Mﬃﬁ<UxwxwxM
         H	  	  	   	
      $%!$%ﬀ,  ,
%)*$A(ﬃ  
ﬀ/ﬀ/43 7BT6 *PQMN8F8OMN;CBÀGT= C@ DJ6*P V §>A@°DF=T>J6IMNBEDF6§>fPŁ9GTMN@MW>J6
Ê0cFegLZ
_Ł%\^]xhph%]bdSuwikdJh_jigik]bZ-¶
α
cF]C}fcFggik]`ev­%egpZukcZ©_Ł%\^]xhph%]bdSuOZgik]bZphuOZ
gLZ%
sp\¦]`dik]xhd7ukcywi©ReWZ%\H}f%gikecOgpZ¢]`dfeWZ%g%\uk]ik]`gLZpspZ%ge2ik]`dJh¢]`duk]bspZph©Ûu[Ł ikcOegpZph_xdOykcZ%cOgLh
u[ŁduOZphvh%ckyyOª%gLZ%dfeT_ŁZz|]xh%eWZ%dspZ-u[Ł cOd¸\^]`_a]bZ%cÄ\^cO_ae£]`x}ftJih¤Y9iuO%eWZps%e]bduk]`gLZps%eNZuOZvywi
©¢cOdZ
eNZ%\H}f%gikecFgLZ-u[ŁZ%df]`gLd ∼ Æ³O´ 5 µ i%eN%ebiw¦_a]bZ#}JikgÊTZbyOZ%g_xZZ%eHik_jHl2ÅJ´w´k³w¦4rykgÃOspZ-©¢uOZphk¦
hZ%gike£]bdJh#ukc-hikeWZ%_`_a]`eNZ   9oA0 0ikgik]`_`_xZ%cOgLhp[q¢]`ee2iZ%eik_jlN³w»w»|¼!ruOps%_jikgLZ%dfe¤ikk]`g#uO%eNZps%eW#cOd
ZzFspªphu[Ł%\^]xhph%]bdcF_aegikW]b_xZ%e2qik]xhspZvgpph%cO_aebike0gLZph%eNZE{geNZ%\Z%dfeﬀuO¦pikeecikc%¨{cOgu[Ł tOcF]'Z%dspgLZ
Z%eE_Łg]jyk]`dZuOZ^spZTywiZph%e*}gLk¦piw¦_xZ%\Z%dfe¤dde`tfZ%g\^]cZ-l£·cFggLZ%eﬀZ%eik_jjCÅJ´w´Årk
ﬀ/ﬀ/b. @QVH>398F69BT:6 GT6 C@IPQ;CUP9:=TU4@CMW>A6
Y9iuO%eWZps%e]bdSuOZ_Ł%\^]xhph%]bdm^ uOZphe£gikdJh%]`e]bdJh-gpW]¦gike]bdfdZ%_`_xZphuOZ¶
2
l *ik_xs
È
ZZ%e#ik_jj
³w»w»|¼20uyOZ#Z%eik_jj*ÅJ´w´Å9
	]`_a\ikdZ%eik_jj*ÅJ´w´År#]`duk]cZ'_jiﬀ}gLphZ%dspZ?u[Ł cOdZEykgikduOZ?cJikdfe£]`eWHuOZ
ywiv\_xps%cF_jik]`gLZ©cOdZeNZ%\H}f%gikecFgLZ^Zph%e]`\pZ^Z%dfe£gLZ³O´w´w´Z%e0³wÖO´w´
µ
[Y9igLpspZ%dfeWZvuO%eNZps%e]bduOZ
_Ł%\^]xhph%]bduOZphgik]bZphvukc'Ê cZdcwhikkdJh^k¦eNZ%dfcfZp0ikkZps _xZveW%_xZphspp}fZvuOZvÆF´\ÀuOZ _Ł m^
²
q
ikcÄspZ%dfegpZu[Ł
²
¦%Z%_`_³AÁ¯»wÖlbo<ik_x\¿ÒE\¦%ZphpEÅJ´w´Æi%r\dfegLZ_ŁZz|]xh%eWZ%dspZvu[Ł cFdZsp\H}fhikdfeWZ
Z%dspgLZ0}_achCgL]uOZ*Y*Zph ebikckzuOZvuOW}fh%]`e]bduOZ \ihphZ uO%g%]`kph uOZph \uOª%_xZph i¨cwh%e2ikdfeE_xZphuOdf
dpZph¬ uwikdJh_xZph ∼ ÅwÅ vspZ%dfegik_xZphpdZ hdfe}JihZ%dÏuOphiOspspgu¥ikkZpsv_xZphcJikdfe£]`eWphuOZywiﬀgL]u
uO%eNZps%eWpZphEdSZn#Z%enT_xZph Î ± ´k½³O´ 9 q  uO%eWZps%eWpZph }fcOggik]bZ%dfe#ikk]`g%eW
uOW}fhpZphikcÄe2ikczuOZ
∼ Á¯`»q  Ç ikd¸Z%d¸cfZ%_jcZphHÎf4³O´¥³O´ 8 ikdJhpTspZcF]ﬀZph%e'e£gLªphH}gLsptfZ^ukceNZ%\H}fh^uOZ^gLZngL]uk]xhphZ%\Z%dfe
ukcywivuwikdJhspZ%e£eWZ gLbyk]bd
  	
  
      ﬁ j j $g
  & ! 
! 'ﬁﬁ    ﬁ! 
  
(
;CBEDF69BEDF8
L G+*
f
^`bcZF=+8A4c_ ]KnE8 4c8a^94k@+Dq=+8 /2i	>`Y[/
	K]\^9^98a18a^\bc4 6q8;p9/2i bc8a4CZF^	8aYT:\@d8a4 G r3E
S cz<cz "GO OPQ`ber%Mdea\X%f O@R Mf OFZIM OtMf R8QRQ         q        q vxU
S cz<VU  beacf ]`acj3QqR8QlbP[^R_ ]`dea\X%foQ`d@RHhiMftMZ OPQ OejQ^]`deb#MZ\Q R8Q^OFR8X%f8f [^Q^O   q vﬀ
L G\E ,E8a4713] 6a=+8a4 698;4cnE8A_ bcYT8a4 6 -0ZF1@+4c4k@+]K^ GgG(G(GgG(G(GgGSG(GgG(G(GgG r
S VUcz N
Qlb#M X%f8f Q`WYQ`f2dlR_ TﬂMVqacfﬂdeb#M &MW*M%O      q        q v<
S VUVU N hiM[O OPX%bej8dea\X%foR Mf OFZIMPOtMf R8QRQ         q        q v<|
S VUVM m[`j8bPXeQ^]`dea\X%f OejQ^]`deb#MZ\Q R8Q^OFR8X%f8f [^Q^O      q        q |xw
L G
)
BCnqn&=+@+_ /?bk@+]\^3B7DE8a=h=G*2H5IKJ GSGgG(G(GgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG I *
S VMcz @[`T<a\X%f OFRHh Q ndeb#M%]`dea\X%foR8Q^OFR8X%f8f [^Q^OOejQ^]`deb#MZ\Q^OFR Mf OFZh acW*MTQRQ q |z
S VMVU @[^Oe_8Zcd#MdPO & bPX # Z\OFb#M%RaIM_n q        q        q |xU
L G L  ]K^9_A=hi	4T@d]\^	4 G(GSG(GgG(G(GgG(GSGgG(G(GgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG3*Fs\J
  
     H	  
	
   Ò    
      	¢	   
	 

Y*Zegikik]`_C}gLphZ%dfeWuwikdJhspZsptJi%}]`e£gLZ¥hZ¦pihZ¥h%cFg_xZphgLph%cO_ae2ike`hÏk¦eWZ%dfcwh-}JikgeeWg%]Z%eik_j
l2ÅJ´w´ÅOi%rk<m_[sp\H}gLZ%du^_ji-gLukcs%e]bdZ%eC_Ł ikdik_a®hZ uOZph uOdfdpZphtJikdukgiu[Ł
²
¦%Z%_`_³AÁ¯»wÖwEEZ#e£gik
ik]`_Ci%eW
Zn#Zps%e£cf-©¢_Ł mdJh%e£]`ecFeWZN
²
h%e£gLd\^®lnm
²
Cik\¦g]uyOZ 
µ
ruwikdJh_xZ
siwukgLZ-u[Ł cOdZ
¦%cFgLhZZ%cOgpp}fpZ%dfdZ
²

²
'YŁk¦£¨{Zps%e] %ebik]`e u[Ł i%}w}gLptfZ%duOZ%g_xZpheWZpsptOdf]cZphu[Łk¦%hZ%gike]bdÉZ%e
u[Ł ikdik_a®¯hZ'uOZ'_Ł%\^]xhph%]bd¬ uOZph?ik\ihﬀuOZywik_ji{z|]bZph*EZHsptJi%}]`egpZTZph%e9cFdZ}gpphZ%dfebike]bd
uOZ'_ji\%
entfuOZ#cFe]`_a]xhpZ0}fcOguO%g]`kZ%g_xZphik_xZ%cOgLh uOZph0}Jikgik\ª%egpZph#]`\H}fge2ikdfe`h ukc-ywi ]`dfegik4ik\ihl2eWZ%\^
}f%gike£cOgLZp'\%ebik_`_a]bs%]`eNp'iw¦%hg2}e£]bdJe2ikczuOZuOW}fh%]`e£]bdÏuOZv\ihphZ`` rk°Y*Zph^gLph%cO_ae2ike`hH}gLphZ%dfeWph
]bs%]hdfeyk_xk¦pik_xZ%\Z%dfeC]uOZ%dfe£]cfZph©spZ%czuOZ#Ee£eWg]0Z%e0ik_jl2ÅJ´w´ÅOi%r°_xZphvuk] #%gLZ%dspZph uwikdJh_ŁZph%e]`
\ike£]bduOZph0}Jikgik\ª%e£gLZph0}gL]bZ%dfdZ%dfeuOZ_Ł cOe]`_a]xhike£]bdu[Ł cOdv«0sptO]bZ%gu[Ł%ebik_xdfdiyOZ uOZph uOdfdpZphp
}_achiOs%e£cfZ%_}fcOg
_xZph
gLph%cO_ae2ike`h}gLphZ%dfeNph]bs%]'Ì ch¢uOps%g]`gLdJh
u[Ł iw¦%guÄ¦g]bª%kZ%\Z%dfe cZ%_jcfZph
cFdZphuOZphÏsikgiOs%eW%g%]xh%e]cfZphukc¹hikeNZ%_`_a]`eWZtJikdukgi¹Z%eu[Ł cOd uOZph]`dJh%e£gcO\Z%dfenhÄZ%\¦pikgcphÕ_xZ
hW}fZps%e£gLW]`\iyOZ%cOg
²
*mocF][i%eW?cFe]`_a]xh¤}fcOgk¦%hZ%gkZ%g'_Ł ik\ih
²
¦%Z%_`_³AÁ¯»wÖwÌcwh?]`dfegpukcO]`gLdJh
Z%dJh%cF]`eWZ-uOZph\uOª%_xZphu[Ł%\^]xhph%]bdhW}fZps%egik_xZuwikdJh_ji¦pikduOZ ¬ÓcF]hZ%gpdfeﬀcOe£]`_a]xhphH}Jikg^_jih%cF]`eWZ
}fcFg i¨cwh%eWZ%g _xZphhW}fZps%egLZph]xhph%cwhvuOZphk¦%hZ%gike£]bdJh?¬ﬂu[Ł
²
¦%Z%_`_*³AÁ¯»wÖ¢l 9iw¦]ikd³w»w»w»%rk

	    ) '!ﬀ  	 ( 9 ¥9$ ! ﬃ ," °ﬃ
	 	
   ^)[ 
 ﬃ,)*ﬀ
 
 ﬁ$%ﬀ
?/3C/43  #8O6§>@°DJMN;CBH8GT@BT8¸UN@ H@CBHGH6 ﬀ
   ﬀ 		 ﬀ        
Y[ZﬀhikeWZ%_`_a]`eNZtJikdukgi^i-%eWH_jikdsp?_xZ?ÅÆ ﬂOcO]`_`_xZ%e¤³w»w»w»w°ŁZph%e_ji?}_acwhT]`\H}fge2ikdfeWZ?\^]xhph%]bd¥uOZ
_ji?Ì
²
o
²
uwikdJh_xZ0uO\ik]`dZuOZ_Ł ih%egpd\^]bZ¬IuOZph0uk] zuOZ%g%df]bª%gLZphikdfdpZphwm_}fZ%g%\Z%e§u[Ł ike£eWZ%]`dukgLZ
uOZphgLph_acOe£]bdJh hW}Jike]ik_xZph]`d{{%g]bZ%cOgpZph^©¥_ji¥uOZ%\^]¤hZpspduOZu[Ł ikgLs
²
¦%gu0cFdhW}fZps%e£gLW]`\iyOZ%cOg
}fZ%g\Z%eHuOZsp\¦]`dZ%g_xZphsi%}JiOs%]`eWph-uOZtJikcOeNZgLph_acOe£]bdRikdOykcO_jik]`gLZZ%e?_xZph]`d{{g\ike£]bdJhhW}fZps%
e£gik_xZphEh%cFg'_xZphﬀgLbyk]bdJhT%e£cJuk]bpZphfY§igLph_acOe£]bd-hW}fZps%egik_xZ?uOZ tJikdukgivZph%euOZﬀ_ŁgukgpZﬀuOZ0
Ç
∆
 ∼
³O´w´w´Z%dfe£gLZ´k~ÎZ%eﬀ³O´
È
ZJË[
²
kZps¬#q¥qbÌ Z%Ú¤eNdÛl£o
²
r_jikdsp_xZ³O´·vpspZ%\¦gpZ³w»w»w»'Z%eﬀcO]
}gLphZ%dfeNZuOZphsi%}JiOs%]`eWphsp\H}_x%\Z%dfebik]`gpZph^©ÄtJikdukgil2cFdZ\Z%]`_`_xZ%cOgLZ^gLph_acOe£]bdhW}fZps%e£gik_xZZ%e
cFdZ¤}_acwh0ykgikduOZ'hZ%dJh%]¦]`_a]`eNWr*]`_spdJh%e]`ecZT_jivdcOkZ%_`_xZyO%d%gike]bd¥uOZ?eW%_xZphspp}fZph'hW}Jike£]ikczuwikdJh
_xZTuO\ik]`dZ?uOZphtJikcFeWZph%dZ%g£yk]bZphfY§ive£gi¨{Zps%eW]`gLZTuOZ tJikdukgihZ0h%]`ecZ'h%cOg'cOdZg¦]`eWZﬀ_x]`dfebik]`dZ
uOZ_ji-eWZ%ggpZ9Y Ł ike\hW}ftfª%gLZ uOZ_jiº<Z%ggLZiw¦%hg!¦pikdfe¤_xZphgik®dfdZ%\Z%dfe`h uwikdJh_ji¦pikduOZﬀ¬#]`_k!ik_a
_jik]`e'cfZ
tJikdukgih]`e}_jiOsp_x]`dÄuOZ_ji-h%cFg`!iOspZ^uOZspZ%_`_xZ%s%][Y*Zve£gi¨{Zps%eW]`gLZ^uOZtJikdukgi }_jiOspZ
_xZhikeWZ%_`_a]`eWZ©
cFdZ^uk]xh%ebikdspZ-sp\H}g]xhZZ%dfe£gLZ ∼ ³O´¢´w´w´ È \vﬀikc}_acwh?}gpsptfZpﬀZ%e ∼ ³Î´´w´w´ È \v
ikc}_acwh#_x]`dJ¤uOZTde£gLZ}_jikdª%eWZ<Y*Z#eWZ%\H}fhE}fcOg Zn#Zps%ecfZ%gHcOdZvg!¦]`eNZ Zph%eCu[ŁZ%df]`gLd½%ÎtfZ%cOgLZph
EZ%_ji}fZ%g\Z%eEu[Łk¦eNZ%df]`g uOZph eWZ%\H}fhu[Łk¦%hZ%gike£]bdJhE}Jikge£]bs%cO_a]bª%gLZ%\Z%dfe_xdOyhp}fcFikdfeike£eWZ%]`dukgLZ
ÖkÅtfZ%cFgLZphY§iukcFgLpZ'}gL%cZu[Ł cOe£]`_a]xhike]bdÄuOZ-tJikdukgi¥Zph%e'uOZÖ
ikdfdpZph[Ìcwh h\^\ZphuOds
iOs%e£cfZ%_`_xZ%\Z%dfeEuwikdJh_ji}ftJihZ¤«Cdik_xZ u[Ł iOscF]xh%]`e]bduOZvuOdfdpZph
   
   	   
   
 	
            $	 	         

    
 

CqL
Gh*tJ Q`j8bP[^OPQ`fﬂd#Mdea\X%f O#] X [`W*Mdea\2_ QmR_ dP[`Z\Q^OP]^X%jQ Q w XtMf Rb#Mﬃﬁ9RHhiMj8bPk^ODZ\Q w Qwyw XtMfﬃ&
Rb#M Q &b#M  wBQ`f2dPQ`b}
Y9iC«ykcFgLZ¤Î`³'}gpphZ%dfeWZ'_xZph0e£gL]xh°}g]`ds%]~}Jikcz\ukcO_xZph?ukchikeWZ%_`_a]`eNZﬀÕl2]~r_jiﬀ}Jikge]bZTuOZHspdfeg  _xZ
uOZk_~l2]`]~r
_xZeN%_xZphspp}fZZ%e'_xZvh%®h%eNª%\ZuOZ0{sik_a]xhike]bduOZphvgik®dJh¬ sp_`_xZps%eNphp?Z%d{«CdSl2]`]`]~r_xZ
\ukcF_xZ]`dJh%e£gcO\Z%dfe2ik_~ﬀcF]ﬀspdfe£]bZ%dfeﬀ_xZphuO%eNZps%eWZ%cFgLhZ%eﬀ_xZph-cFe]`_~h-uOZ^eW%_x%\%eg%]bZ°·Z%cz]`dJh%eg%cO
\Z%dfenhhs%]bZ%dfe] «EcZphChdfe9]`dJh%ebik_`_xphﬀuwikdJh_xZ}_jikdﬀ{sik_Jukc^eN%_xZphspp}fZp9©cOdZ?uk]xh%ebikdspZ'uOZﬀ³O´\ uOZph
\^]`gL]`gph^sp_`_xZps%eWZ%cOgph9m_§hfŁ iyk]`e'u[Ł cOdhW}fZps%egLW]`\iyOZ%cFgÕ
²
*moRl
²
ukikdspZu'·×m\iyk]`dOyo|}fZps%
e£gL\Z%eWZ%g2rvZ%eu[Ł cFdZTsik\%giuOZEykgikduOZ'gLph_acOe£]bd-hW}Jike]ik_xZ?Õf¶U Ûl£¶#]jyt ?Zph_acOe]bdCik\Z%gi%rk
Y*ZuO\ik]`dZu[Ł%dZ%g£yk]bZvk¦%hZ%gkspcOgLZ cFdZv¦pikduOZik_`_jikdfe0uOZ´k`³
È
ZJË¨cwhcCŁ ©³O´
È
ZJË[
   	   

Y[Z}g]`ds%]~}fZuOZph\^]`gL]`gph
uOZph
eW%_xZphspp}fZphv¬ uk] #ª%gpZ
uOZ¥spZ%_acF]#uOZpheW%_xZphspp}fZphp}e]cfZph'Ed
Zn#Z%en0_xZph#}Jikge£]bs%cO_xZphuOZvtJikcFeWZph%dZ%g£yk]bZph^dZT}fZ%cFkZ%dfe°}JihvhZ^gpnÙﬀpsptO]`gZ%dÏ]`ds%]uOZ%dspZdg\ik_xZp
Z%_`_xZphhdfeTuk] ﬀchpZph¤d¸gLZ%ikdsptfZpﬀ_ji¥gpnÙﬀZps%e]bdSZph%eC}fhph%]¦_xZZ%dÏ]`ds%]uOZ%dspZ^gihikdfeNZp'h%cOg-uOZph
\^]`gL]`gph
uOZh%cOg`!iOspZ
\%ebik_`_a]cZ¥Zz|egp­%\Z%\Z%dfeH_a]xhphZﬀcFg
ikc|yk\Z%dfeWZ%g_jih%cOg`!iOspZsp_`_xZps%eg]bspZp
tJikdukgi
Zph%e'spdJh%e£]`ecvuOZ cAikegLZv\^]`gL]`gLhZ%\¦% `eWph_xZphcOdJhvuwikdJh_xZphikcOe£gLZphpcO]spdspZ%dfe£gLZ%dfe
_xZph gik®dJhH¬&uwikdJh_xZﬀ}_jikd^{sik_[ukceN%_xZphspp}fZp¤h%cOg _xZphv]`dJh%egcF\Z%dfe`hhs%]bZ%dfe£] «EcfZphpEk]`g«ykcOgLZ
ÎxÅO
   7      

     
ÌcwhuOps%g]`gpdJh¤]bs%]AcFdf]cfZ%\Z%dfe_xZph§}g]`ds%]~}Jik_xZph0sikgiOs%eN%g]xh%e]cZphEukchW}fZps%egpW]`\iyOZ%cOg
²
*moA
ikkZps?_xZcZ%_<i-%eWk¦%hZ%gk
²
¦%Z%_`_<³AÁ¯»wÖw0 [dZuOZphs%g]~}e£]bdv}_acwh#uO%e2ik]`_`_xpZ#ukc?{ds%e£]bdfdZ%\Z%dfeuOZph
uOZ%ckz]`dJh%egcF\Z%dfe`hhs%]bZ%dfe] «EcZphvikc{®Z%gvukc¢eW%_xZphspp}fZl
²
*mpoÏZ%e¶q <r
Zph%e'uk]xhW}fdf]¦_xZHh%cFg _xZ
h%]`eNZ ukcÏ9¬^ lptJikdukgiv¬gik®¢EZ%dfeWZ%g2r


ﬁﬀﬃﬂﬂ 8 8 " 2$')+!$ '4 " 3 46 ﬂ '(7(&%)39' ﬂ
	
ﬂ!*(&/

2% "  : ﬂ
  
     H	  
	
   Ò    
      	¢	   
	 
 
CEL GIEJ  beacf ]`acj3QUR8Q^OsWgacbPX%acbPO@]^X%ZcZ\Q^]`dPQ`_8bPOR_ b#M X%f8f Q`WYQ`f2dGQﬂﬁ8RHhiMj8bPk^OFZ\Qqw Qwm
²
*mo Zph%ecOdÐuO%eWZps%eNZ%cOg¢spdJh%e£]`ecfuOZ³O´R'·#h
uOZ³O´ÅÎ × ³O´ÅÎ}] zFZ%_~h0Y*Zph'·#hhdfe
hW}JikgLphZ%dIuOZ%czSZ%dfe£]`eWph]`duOW}fZ%duwikdfeNZph¥Õ
²
*mpomcO]^Zph%evcOd7]`\iyOZ%cOgÄl2Å × Å\ikeg]bspZphWr¸Z%e
²
*mo2oÏcO]*}fZ%cOeH­%e£gLZcFe]`_a]xhZ%d\uOZ]`\iyOZ%g]bZc¢hW}fZps%egpW]`\iyOZ%g]bZl½\ike£g]bspZph^uk]xhW}fhpZph
uOZ¤!i%$d_a]`dik]`gLZWrk*Y§i?«ykcOgLZ?ÎÑÆ
uOdfdZcOdZ gpZW}gLphZ%dfebike£]bdukc}_jikdv{sik_9uOZ _Ł ]`dJh%e£gcO\Z%dfe2
 
C L
G
)
J  ZIMf  X9]}MZ
R_ OejQ^]`debPX &acW*MTQ`_8b @w  ( ﬁ8RHhiMj8bPk^O@R8QUw Qwm
Y[Zph?k¦%hZ%gike£]bdJhu[Ł
²
¦%Z%_`_J³AÁ¯»wÖdfe%eW!ik]`eWZphTZ%dcOe£]`_a]xhikdfe9_xZH'·
²
*mpo2oÆJY§igLph_acFe]bd
hW}Jike£]ik_xZvu[Ł cOd}] zFZ%_Zph%e'uOZ´k~Î»n[Y*ZsptJik\H}ÏuOZ cZspcOkZ%ge?Zph%e'uOZvuk]`\Z%dJh%]bd¼ÑÆŁ× ¼ÑÆŁ [Y§i
hZ%dJh%]¦]`_a]`eNuOZ_Ł ]`dJh%eg%cO\Z%dfeF}fcOgcOdZEhcOgLspZ*}fds%e£cfZ%_`_xZﬀuwikdJhE_ji¦pikduOZ0u[Ł%dZ%g£yk]bZ?´k~Îf½
È
ZJËZph%e
uOZCÎ³O´
−15 Z%g£yws%\ −2 h −1 Z%d³O´ 4 hY*ZHuO%eWZps%eNZ%cOgHZph%e[gpZngL]uk]*© cFdZﬀeWZ%\H}f%gike£cOgLZTuOZ?4³kÅJ´ ◦ }fcFg
hfŁ iﬀgikdsptO]`gukc¸¦gcF]`eTentfZ%g\^]cfZEY[Zph¢'·#hu[Ł
²
*mo}fhphªuOZ%dfe?cFdZ}Jikge£]bZuk]`eWZiOs%e£]`kZpHcO]
Zph%eZz!}fhpZHikc-gik®wdfdZ%\Z%dfe[]`ds%]uOZ%dfe2¤EZ%_`_xZ%s%]J}fZ%g\Z%e°uOZs%gLpZ%gHuOZph sptJikg£yOZph%_xZps%eg]cZphp}Jikg
   
   	   
   
 	
            $	 	         

     
iw¦%hg2}e£]bd}ftfeW%_xZps%e£g]cfZpﬀcO]¤hdfe[}gLp}fge£]bdfdZ%_`_xZph©_Ł%dZ%g£yk]bZ^ukc}ftfeNd]`ds%]uOZ%dfeb *dZ
hZpspduOZH}Jikge]bZ-ukcS'·ÀZph%eﬀ\ihcpZCE_`_xZ#}fZ%g\Z%eHuOZh%eWs
È
Z%g^_xZphsptJikg£yOZphs%gLppZphCY*Z\uOZ
p}f%gikeN]`gLZ#uOZphv'·#hZph%e°_xZﬀh%cF]`ikdfe¤ÕY§i^gLbyk]bd¢iOs%e]`kZZph%eZz!}fhpZ#ikcgik®wdfdZ%\Z%dfe}fZ%duwikdfe
cFdÐeWZ%\H}fh«[zFZuOZ ∼ ÆxÅhZpspduOZph  ² _ji«Cd7uOZ_ji¢}ftJihZ¢u[Ł iOscO]xh%]`e]bdJ _xZphsptJikg£yOZphs%gLppZph
hdfegi%}]uOZ%\Z%dfee£gikdJhn{%gLpZph¥uwikdJh_jigLbyk]bdÐuOZh%eWs
È
iyOZl ∼ Î³k\vhWr HYŁZz!}fh%]`e£]bdh%cF]`ikdfeWZ
uO¦cFeWZ¥ik_xgLhh%cOg
_ji
}Jikge]bZiOs%e]`kZ¢Z%e`#h%]`\^cF_aebikd%\Z%dfe`_xZph¥uOdfdpZphuOZ
_jidZuOZh%eWs
È
iyOZ
hdfe-ikdik_a®¯hpZph-}fcFg]uOZ%dfe] «0Z%g¸l2]~r_ji}fh%]`e]bd Z%el2]`]~r¸_Ł ik\H}_a]`ecJuOZuOZsptJiwcfZ%k%dZ%\Z%dfeb
tJiwcZ%k%dZ%\Z%dfeEZph%eEik_xgLh}_jiOsp uwikdJh#cFdsikdik_9u[Ł%dZ%g£yk]bZi%}w}fZ%_x °ml EcO_~hZ]`dfikg]ikdfe r-Z%d
{ds%e£]bduOZ#hdik\H}_a]`ecAuOZ
Y9iuO%eWZps%e£]bdu[Ł cOdÏ%k%dZ%\Z%dfe'Zph%e0i#Zps%eWpZvu[Ł cFdZcJik_a]`eN-lc}gLk¦piw¦]`_a]`eNWrEcO]EuOW}fZ%du
uOZ
_jiT!i%$duOdfeE_ji }fh%]`e]bdÏZ%e'ik\H}_a]`ecJuOZvuOZ _Ł%k%dZ%\Z%dfegLW}fduOZ%dfe©
uOZph^s%g]`eNª%gLZphﬀ}gLuOn«Cdf]xh
EZhdfe _Ł ik\H}_a]`e£cJuOZ¥uOZ¥_Ł%k%dZ%\Z%dfevZ%e _xZph¢ik\H}_a]`e£cJuOZphuOZph%k%dZ%\Z%dfe`h¥uO%eWZps%eWph¢uwikdJh_xZph
»
}] zFZ%_~hZ%dfeNcOgikdfe_ji}fh%]`e£]bd¹uOZuO%eNZps%e]bd7spZ%dfegik_xZpcO]uO%eNZ%g\^]`dZ%dfe_ji}gLk¦piw¦]`_a]`eW¥u[Ł cOd
%k%dZ%\Z%dfe2
Y[Zph uOdfdpZphvsp_`_xZps%eWpZphvspdJh%]xh%eWZ%dfeZ%duOZph#h%g]bZpheWZ%\H}fgLZ%_`_xZph u[Ł%k%dZ%\Z%dfe`h]`ds%_acJikdfe¤_xZ%cFg
}fh%]`e£]bdRl£·# º¬#C·# º frE_xZ%cOgsikdik_u[Ł%dZ%g£yk]bZZ%e_jicJik_a]`eN^uOZspZph-%k%dZ%\Z%dfe`h0EZphuOdf
dpZphhdfeZ%dfgLZbyk]xh%e£gLpZphh%cOg}_jiOspZv}cF]xhegikdJh%\^]xhZphikc¸h_'eNcOeNZph¥_xZph
tOcO]`etfZ%cFgLZph}fcOg­%e£gLZ
spdfe£g  _xpZphC}Jikg#_xZ^9¬^S©Cik\¦g]uyOZpq
²
l *o
²
rk9Y*Z#e£gikik]`_uOZgLukcs%e]bdZ%eu[Ł ikdik_a®¯hZ}fZ%cFe
ik_xgLh¢sp\^\Z%dspZ%g!E°z|egik]`gLZcFdhW}fZps%e£gLZpZ%d¹cFd}f]`dfevccFdZgpbyk]bd¹u[Ł cFdZ]`\iyOZ¥u[Ł
²
*mpoA
spdJh%]xh%eNZ©spdJh%e£gcO]`gpZcOd
«0sptO]bZ%gspdfeNZ%dikdfe?_xZd\¦gLZ-u[Ł%kª%dZ%\Z%dfe`h-uO%eNZps%eWphuwikdJhsptJiwcfZ
sikdik_*u[Ł%dZ%g£yk]bZl °mWrk
?/3C/b.  >AMNBH:<MNV6 GH6 >9GH=T:DFMN;CB 6DRG n@CBH@CU'8O6I8Vv69:DF>J@CU46IGH698GH;CBHBU9698
 S    7     7-   
Y[gLhc¤Ł cFdSgik®wd¬ Zph%euO%eWZps%eNp#]`_!ikcFe_acO]i#Zps%eWZ%gcFd7sikdik_'u[Ł%dZ%g£yk]bZ Ê0gL]`_E®ÄiZ%d
yO%d%gik_}_ach%]bZ%cOgLhsikdikckzRu[Ł%dZ%g£yk]bZ^}fhph%]¦_xZph}fcOggLZW}gLphZ%dfeNZ%g¥_Ł%dZ%g£yk]bZ¢u[Ł cFd}ftfeWdIZ%df
e£gikdfeb<Y ŁcOe]`_}fZ%g\Z%ee2ikdfe°uOZuOn«Cdf]`gﬀ_jigLW}fdJhZZ%d%dZ%gbyk]bZ#ukcuO%eNZps%eWZ%cFgZph%e°_ji\ikeg%]bspZ ﬀq 
l2gLZphW}fdJhZ\ikeg] z«C_xZWrkCE_`_xZ-uOdfdZ^_ji^}gpk¦piw¦]`_a]`eWu[Łk¦eWZ%df]`g_Ł%dZ%g£yk]bZukc
}ftfeWdRZ%dfegikdfe0C
spdfdik]xhphikdfeE_ji
ik_xZ%cOg^ukcÏsikdik_u[Ł%dZ%g£yk]bZ^uOZv_Ł%k%dZ%\Z%dfe'ikcJcfZ%_]`_i%eW^i#Zps%eN?}Jikgv_xZ^uO%
eNZps%eWZ%cOgY*ZHhW}fZps%egLZuwikdJhH_ji¦pikduOZ0¬ﬂZph%espdJh%e£gcO]`en°dchH_Ł ikkdJh#uk]`enZ%dsp\H}ebikdfe_xZHd\¦gLZ
u[Ł%k%dZ%\Z%dfenhuO%eWZps%eWph'uwikdJhcOdsikdik_Fu[Ł%dZ%g£yk]bZ«[zFAoc}w}fhdJh0ik_xgLh'cfZ_xZEhW}fZps%egLZ?%\^]xh[}Jikg
_ji hcFgLspZﬀh]`e¤uOdfd¤}Jikg?_jiE{ds%e]bdl£*r[_xZTd\¦gLZHu[Ł%k%dZ%\Z%dfenh?uwikdJh?cFdsikdik_u[Ł%dZ%g£yk]bZ
°m#hZ%giik_xgLhvÕ
NPI =
∫
∞
0
f(E)RMF (PI, E)dE 
+3/
"

EZW}fZ%duwikdfen]`_§dŁZph%e§}Jih0}fhph%]¦_xZu[Ł ]`dfkZ%gphZ%guk]`gpZps%eWZ%\Z%dfespZ%eeNZ^cJike£]bd}fcFggLZ%egLcFkZ%g¤l£*rk
Y§iuOpspdfk_acFe]bddŁZph%e§}Jih cOdf]cZ^Z%e'Z%_`_xZZph%e]`dJh%e2iw¦_xZ¤!iOspZ ©
uOZ0}fZ%e£]`eWZph ikg]ike£]bdJh ukc °m
Y9i^\%e`tfuOZ Z%\H}_x®wpZspdJh%]xh%eNZ#©^cFe]`_a]xhZ%gH_ji^\ikeg%]bspZqﬀq¹uwikdJhTcOd_xyk]bs%]bZ%_<u[Ł i¨cwh%eNZ%\Z%dfe
uOZ
hW}fZps%e£gLZToc}w}fhikdfe^i¥}g]bg]_ji-{g%\Z¢uOZ_Ł%\^]xhph%]bd¸¬#d Zn#Zps%e£cfZ¥_jiÛspdfk_acFe]bd7uOZ
_ŁcAike]bdÎ`³h%cOgcFd\uOª%_xZuOZCl£*rk[Y*Z \uOª%_xZZph%e'Z%dJh%cF]`eWZ^sp\H}JikgLikczuOdfdpZphZ%e'cJik
_a] «0©_Ł ik]uOZ^u[Ł cFdeWZph%eﬀukc
χ2
°Ì eWdJhcfZ_ŁZz!}gLZphph%]bduOdfdpZ?}Jikgv_ŁcJike£]bdÎ`³
dŁZph%e}Jih
ZziOs%eNZ%\Z%dfe_jiik_xZ%cFgsp\H}JikgppZ#ikczuOdfdpZphEdZn#Z%en]`_¯!ikcFeEbywik_xZ%\Z%dfeeNZ%df]`gsp\H}eNZ#uOZH_ji
gLW}fdJhZ'h%cFg`!iOs%]cfZukcuO%eNZps%eWZ%cOg Z%d{ds%e£]bduOZT_Ł%dZ%g£yk]bZ°EZ%e£eWZTgLW}fdJhZ Zph%e°uOn«Cdf]bZ¤}JikgHcOdZ
 
     H	  
	
   Ò    
      	¢	   
	 
\ike£g]bspZi%}w}fZ%_xpZ
²
 ﬂl
²
ds%]`_`_jikg%® ﬀZphW}fdJhZ C]`_xZWrk¤m%_f!ikcOeuOds
spdfdi`egpZ-_ji\ikeg%]bspZ
²
 
}fcFg_ji\^cO_ae]~}_a]bZ%g ikc\uOª%_xZuOZhW}fZps%egLZlZ<Î`³%rk
o§]`eCÌ
PI
_xZ d\¦gLZ#Ì
PI
u[Ł%k%dZ%\Z%dfe`huO%eWZps%eNphp©cFdZ'}fh%]`e]bduOdfdpZpEuwikdJhcOdÏsikdik_
u[Ł%dZ%g£yk]bZ °mEo§]`e'q
PI
_xZd\¦gLZ-u[Ł%k%dZ%\Z%dfe`h#}gLuk]`eC}JikgcFd¸\uOª%_xZuOZ^hW}fZps%egLZuwikdJh_xZ
\­%\Z#sikdik_u[Ł%dZ%g£yk]bZfY§ivik_xZ%cOgTukc
χ2
lsn
²
dfdZzFZ0*rvcO]*uOn«Cdf]`e[_ji^cAik_a]`eWTuOZ?_Ł i¨cwh%eNZ%\Z%dfe
uOZphuOdfdpZph}Jikg_xZ \uOª%_xZZph%e0ik_xgLhuOdfdpZ0}JikgÕ
χ2 =
max∑
PI=min
(NPI −MPI)2
NPI

+3/;5

ikkZps
σPI 
√
(NPI
_ŁpsikgeWe£®p}fZ?h%cFg#_xZHd\¦gLZ#u[Ł%k%dZ%\Z%dfenh#uO%eWZps%eNphuwikdJhT_xZsikdik_u[Ł%dZ%g£yk]bZ
°mp'_xgLhcfZ^_xZd\¦gLZu[Ł%k%dZ%\Z%dfenhZph%eh%c¯}f%g]bZ%cOgcbywik_¤©ÅJ´Z%eHc¤Ł ]`_h%cO]`eTuOds^cOdZ_x]
dg\ik_xZ
Y9i¥h%cO]`eWZ
uOZ-_Ł ikdik_a®hZspdJh%]xh%eWZ©eWZph%eWZ%guk] #%gLZ%dfe`h\uOª%_xZphentfpg]cfZphu[Ł%\^]xhph%]bd¬ ukc
ywi]`dfegik4ik\ih°Y§isp\H}Jikgik]xhdÄuOZph^\uOª%_xZph^uOZvhW}fZps%egLZphuwikdJhcFdZgLbyk]bd}Jikge]bs%cF_a]bª%gLZZph%e
¦pihpZ#h%cOg _xZ}g%]`ds%]~}fZ uOZ\^]`df]`\^]xhike£]bdukc
χ2
}fcOgcFdÏZ%dJhZ%\¦_xZuOZ'}Jikgik\ª%egLZphukc¥\uOª%_xZ
 ﬀ  	  '!ﬀ 
 9( E)ﬀ  
   $!**$ 	 
Y[Zph\uOª%_xZphvu[Ł ikdik_a®hZhW}fZps%e£gik_xZﬀ}gLphZ%dfeNphs%]`4uOZphphcwhC{dfe[}Jikge£]bZ^uOZ_ji_a]¦gik]`g]bZuOZ\
uOª%_xZph?]`\H}_x%\Z%dfeNphHuwikdJh?_xZT_xyk]bs%]bZ%_O¬o HC<Y§iT}gpZ%\^]bª%gLZ?kZ%gLh%]bduOZ¬o CHRi%eW ps%g%]`eWZZ%d
³w»|¼wÆuwikdJh?_xZ#¦cFeCuOZTegik]`eNZ%gT_xZphHuOdfdpZphHuOZH_ji\^]xhph%]bd¬^Êo
²
ºRl£o
²
rk<·ZW}cO]xhpCspZT_xyk]bs%]bZ%_

Zph%ee£gLªphhcOkZ%dfecOe]`_a]xh'}fcFg_Ł ikdik_a®hZu[Łk¦%hZ%gike£]bdJhuOZph#hikeNZ%_`_a]`eWZphT¬
?/2.0/43 6I>A@ C;CBHBT6*PQ69BEDRGH= C@ 7MNBEDO>A@@PQ@C8
               	


ŁZph%ecFd \uOª%_xZuOZhW}fZps%e£gLZuOZ¢¾ﬀgLZ%\vhph%egitO_acFdOy¸entfZ%g\^]cfZTm_ Zph%e^]`\H}_x%\Z%dfeW}Jikg_ji
}gLspukcFgLZ      ¯cF]<uOW}fZ%duuOZuOZ%czE}Jikgik\ª%egLZphÕA_jieWZ%\H}f%gike£cOgLZukcvgik®wdfdZ%\Z%dfeºl
È
ZJËJr
Z%eCcFd}Jikgik\ª%egpZuOZdg\ik_a]xhike£]bd
µ

Æ´Å × ³O´ −15
Ç
lÑÎ
pi
·0r
∫
d
e
d
i
u9ËikkZpsH·HC_jiuk]xh%ebikdspZuOZ
_jihcOgLspZHZ%ds%\¡9d
e
Z%e*d
i
_xZph?uOZ%dJh%]`eNphk_acF\^]cfZph?u[Ł ]bdJhTZ%eu[Ł%_xZps%e£gLdJhlZ%ds%\
−3 rkfY§i«ykcOgLZ
Î~ÎuOdfdZHcOdZzFZ%\H}_xZuOZThW}fZps%egLZ?yO%d%gLZ%dfegLZv´k`³Z%e³O´
È
ZJË¥}fcOg#cOd
ywi uOZeWZ%\H}f%gikecOgpZ½
È
ZJË
    	 	   


EZ\uOª%_xZ}fZ%g\Z%euOZ¥gpZW}gLukcO]`gLZ_Ł%\^]xhph%]bdÉuwikdJh_xZ¥uO\ik]`dZuOZphtJikcOeNZph%dZ%g£yk]bZph¥ukc
ywi
sptJikcJu¥]`dfegik4ik\ihm%_Zph%eH¦pihh%cFg^_xZphsik_xs%cF_~huOZqÄZ%ÚZ-Z%e
µ
iwih%e£gi}fcOg^_Ł%\^]xhph%]bdukc
ywiuk] ﬀchpZ%e#_xZphsik_xs%cO_~h
uOZY]bZutJik_§}fcFg-_ji\uO%_a]xhike£]bdRuOZ_Ł%\^]xhph%]bdRuOZ-_jigik]bZukc{Z%g
Z%bY° EZ¥\uOª%_xZ}fZ%g\Z%euOZ¥gLZW}gLphZ%dfeNZ%g
_Ł%\^]xhph%]bdS]xhentfZ%g\Zu[Ł cOdÏ}_jih%\itf\yOª%dZ¢Z%e
p}e£]cfZ%\Z%dfe*«CdÊ0cOegpZ-_Ł%\^]xhph%]bdÛspdfe]`dfcfZ
ukcÄgik®dfdZ%\Z%dfeHuOZ?gpZ%]`diyOZp?]`_Ce]bZ%dfe sp\H}eWZ
uOZ¥_Ł%\^]xhph%]bdÐuOZph¥gik]bZph¢uOZ¥d\¦gLZ%ckzR%_x%\Z%dfe`hq0i%}w}fZ%_xdJhcfZ¥_jiSspdfeg]¦cFe]bd7uOZph¥gik]bZph
 ﬁﬀﬃﬂﬂ!3 $&%)$'8" /% 8" 0*$%$" /(!+2ﬂ!4(-89% ﬂ  $!0*$467ﬂ-$02$ 46 "   :
    
     	 	  $   7   $      Û   
 
C L
G0L
JHK X2R8k`Z\Q R8Qqu bPQ`WYO#Oedeb#M[X8Zc_8f8TYd X Q`beWga\2_ Qﬀﬁ  l
	Q
Zph%e°}_ach]`\H}fgebikdfeNZ^_xgphcfZ^_ji¥eNZ%\H}f%gikecFgLZukcywiZph%eT¦pihphZl2e®}]cfZ%\Z%dfe`#Z%duOZphphcwh-uOZ
Å
È
ZJËAr?k]`gﬀ«ykcOgpZÎ`ÖwE_`_xZs%gL `eikcwhph%]x¦]bZ%d¹Z%dfeWZ%dukcHikkZps-_ji\%ebik_`_a]bs%]`eNukcÄ\^]`_a]bZ%cAEY*Zph
}Jikgik\ª%e£gLZphHukc\uOª%_xZ   	°hdfe¤Õ§_jieNZ%\H}f%gikecFgLZºÏukc^ywi Z%d
È
ZJË§*hiuOZ%dJh%]`eW?k_acF\^]cfZ
u[Ł tO®|ukgLyOª%dZ d
H
E_Ł iw¦%duwikdspZSuOZph%_x%\Z%dfe`h \%ebik_`_a]cZphlp`Ì?ÊE¤ÌZpÌiCq
y
²
_~o]x C
oA?°_~
²
gLTCi [Zp°Ì#]~r_xZ uOpsik_jiyOZ#hW}fZps%e£gik_^uOZ _jihcOgLspZp0Z%ecFd!iOs%eWZ%cFguOZ dg\ik_a]xhike]bd
µ

³O´
−14
Ç
lÑÎ
pi
lN³ &4r 2 ·
A
r
∫
d
e
d
H
u9Ë[·
A
Zph%e*_ji^uk]xh%ebikdspZTikdOykcO_jik]`gpZ?uOZﬀ_ji hcFgLspZp*d
e
_jiuOZ%dJh%]`eW
k_acF\^]cfZ^u[Ł%_xZps%e£gLdJhpHZ%eﬀd
H
_jiuOZ%dJh%]`eWvk_acF\^]cfZu[Ł tO®kukgLyOª%dZ¤Y*ZphvhW}fZps%egLZphH}fZ%cOkZ%dfeH­%e£gLZ
%ik_acphT}fcFgsptJiwcfZeWZ%\H}f%gikecOgpZpHc¦]bZ%d]`dfeWZ%g2}f_xph©}Jikge]`gu[Ł cFdZebiw¦_xZ-uOZik_xZ%cOgLh-uOn¨!©
sik_xs%cF_xpZphfm_§Zz|]xh%eNZTcOdZHikg]ikdfeWZ#uOZ spZT\uOª%_xZp[d\^\pZ		  	2¤cO]A}fZ%g\Z%e¤uOZC}Jikgik\%e£gLZ%g
_xZphiw¦%duwikdspZphuOZsptJiOs%cOd uOZph%_x%\Z%dfe`h¢\%ebik_`_a]cfZph¢]`duOW}fZ%duwik\^\Z%dfe'}fcOg¢cOdZikdik_a®hZ
hW}fZps%e£gik_xZ0}_acwh¤«CdZ

C	L GmJJtK X2R8k`Z\QR8QFd 2jQFWYQ 	<MZ
ﬁﬂjX%_8b R8Q`_n dPQ`Wgj3[`b#Mde_8bPQ^ODR_*TﬂMV'TﬂM_ ] X Qﬀﬁ  l
	Q
 ﬁ?t
RbPX%acdPQ
  U
	Q(2N
Q^OM_8debPQ^O@jtMb#MWYk`debPQ^O@OPX%f2dFa\R8Q`fﬂdea\2_ Q^O ﬁtZIMSWY[`d#MZcZca\]`acdP[qQ^Oed #8n8[^Q t wVM
Z

            	            
?cOg\uO%_a]xhZ%g¢_ji¹spdfe£g]¦cOe£]bd uOZ_Ł%\^]xhph%]bdÛ¬ ukcZ©Û_ji}gLphZ%dspZu[Ł cFd¡spcFgikdfe-uOZ
gLZngp]uk]xhphZ%\Z%dfe`¤dcwhikkdJhcOe]`_a]xh cFd\uOª%_xZuOZ?ywi]`dfe£gik4ik\ihuk]`e\^cO_ae£]~}ftJih
        H	  
	
   Ò    
      	¢	   
	 
o§W}JikgpdJh-_xZ^ywi]`dfegik4ik\ihZ%d}_acwh%]bZ%cFgLh¥spcF]`_`_xZph¢QspdspZ%dfe£g]cfZphEY[Z\uOª%_xZ-\^cF_ae]`
}ftJih'h%c¯}w}fhZ#cfZuwikdJhTcOdZspcF]`_`_xZv
i
uOdfdpZp[_xZ0ywiE}fZ%cFehZHgLZngL]uk]`g#uOZW}cO]xhﬀhi^eWZ%\H}f%gik
e£cOgLZº
max
lp
i
r0¨cwhc¤Ł ©
´
È
ZJË§·] #%gLZ%dfeNZph}ftJihZphukcywivspZz|]xh%eWZ%dfeCuOds ikkZpsuOZph#eWZ%\H}f%gik
e£cOgLZphZ%e°uOZph?uOZ%dJh%]`eNphTuk] #%gLZ%dfeWZph?uwikdJh 
i
°ŁZph%eA}fcFgcf]di%}w}fZ%_`_xZ#spZﬀ\uOª%_xZŁ \^cO_ae]~}ftJihfŁ 
Edv}_achHukcspcFgikdfeuOZHgLZngL]uk]xhphZ%\Z%dfeukgik]`dikdfe[_xZ0ywiHkZ%gLh?_xZspZ%dfegpZHuOZT_Ł ik\ihp*cOdZykgikduOZ
}Jikge£]bZvukcywi?}fZ%cFeChge£]`gukcÙﬀe?Z%e'­%egpZuOW}fhpZ©^ykgikdugik®wd[Y[Zﬀ}gLN«C_[uOZ _acO\^]`dh%]`eNukc
spcFgikdfe*uOZEgLZngL]uk]xhphZ%\Z%dfeO}fZ%cOe­%egpZ?spdJh%eg%cO]`esp\^\Z_Ł%\^]xhph%]bd-uOZE_ŁZ%dJhZ%\¦_xZ'uOZphﬀspcO]`_`_xZph
uOdfe?sptJiOs%cOdZu[ŁZ%_`_xZ^Zph%eTsp\H}fhpZvu[Ł cFdykgikdud\¦gLZ^uOZﬀ}ftJihZphtf\yOª%dZph*·ikdJhsptJiwcfZ
P1      P2       P3
Température
Rayon
Courant de refroidissement 
Rcool0

C L
G 
J (9] X [`W*MR8Q j8beacf ]`acj3Q R_ OP]^[`ftMbea\XR8Q ]^X%_8b#Mf2d R8Q bPQ bPX%a\Ra\OPO#Q`WYQ`fﬂd acf5X X%WYX &
Tk`f Qy ]^X9X%Zcacf8T tX a\OPXeOtMbPQx ﬁ OP_8j8j3X<O#Mf2dF_8f WgacZca\Q`_ acf2deb#M &MW*M%O@WU_8Zcdea &j5XtM%OP[<
spcF]`_`_xZp[_xZ?hW}fZps%egpZ#ukcspcOgikdfeCuOZTgLZngp]uk]xhphZ%\Z%dfe[e]bZ%dfeEsp\H}eNZ#uOZH_ji-spdfe£g]¦cOe£]bd¢ukcywiThZ
e£gLcOikdfe©eWcOeNZph#_xZpheWZ%\H}f%gikecOgpZphuOZW}cO]xhº
max
¨chc¤Ł ©´
È
ZJË¤k]`g«ykcOgLZ0Î½k§Y§i-cJikdfe£]`eW
uOZywi¥%\Z%ee2ikdfeH©cOdZeNZ%\H}f%gikecFgLZuOdfdpZ-uOW}fZ%duuOZ_ji!i%$duOdfeT_xZvywi^hZgpZngL]uk]`eH©
sptJiwcZ
eNZ%\H}f%gikecFgLZ?E_`_xZZph%espdfeg  _xpZ}Jikg_ji-{ds%e£]bdÉuOZ¥gpZngL]uk]xhphZ%\Z%dfe ukcywi
Λ(T )

oc¯}w}fhdJhvcOdÏk_acO\Zu9ËÐukc¥ywi]`dfegik4ik\ihlNuwikdJhvcFdZspcO]`_`_xZWr'u[Ł cFdZuOZ%dJh%]`eNdJ?cO]EhZ
gLZngp]uk]`e°uOZT_ji^eWZ%\H}f%gike£cOgLZº¸©_jieNZ%\H}f%gikecFgLZº*4u<ºoc¯}w}fhdJhHcfZspZﬀywi Zph%eZ%dcO]`_a]¦gLZ
uOZT}gLZphph%]bdÏikkZps_xZywi
Z%df]`gLdfdikdfeﬀÕ¤_xZ^gLZngL]uk]xhphZ%\Z%dfeﬀi¥_a]bZ%c©v}gLZphph%]bdspdJh%ebikdfeWZl 0³
EÅÄcÆ!r¢uwikdJhcOdZ
spcO]`_`_xZ-uOdfdpZCY§i_acO\^]`dh%]`eNeWe2ik_xZukc¢ywiuwikdJhspZ%eeWZ
spcF]`_`_xZZph%e
ik_xgLhuOdfdpZ0}Jikg Õ
dLcool = nenHΛ(T )dV 
+/01

cF]Zph%e0ikcwhph%]bywik_xZ©
Õ
dLcool = nenHΛ(T )dV =
2
5
M˙
µmH
kdT 
+/0+

    
     	 	  $   7   $      Û  
	
 
M˙
Zph%e_xZ?ebikckzuOZ?uOW}fh%]`e£]bduOZ'\ihphZp
µ
_ji\ihphZﬀ\_xps%cO_jik]`gLZﬀ\®wZ%dfdZTukcvywiZ%e\
H
_ji
\ihphZikeW\^]cZvuOZ_Ł tO®kukgpyOª%dZEŁZph%eE_ŁZz!}gLZphph%]bduOZ_ŁZ%dfe`tJik_ }]bZukc
ywi^cO]°hfŁZph%eEgLZngL]uk]
E_`_xZe£]bZ%dfe0sp\H}eWZuOZ_Ł%dZ%g£yk]bZ]`dfeWZ%gdZukc-ywi%C\ik]xhikcwhph%]Cukce£gikik]`_*uOZph°{gpspZph uOZ0}gLZphph%]bd
ukcZph ikc Ùﬀe0uOZHywi^Z%dfe£gikdfe'Z%eChgebikdfe0ukc¥k_acF\Z u9Ë[YŁZz!}gLZphph%]bduOZ _ji-_acO\^]`dh%]`eW%\^]xhZ
©-_xZCgLcZ%dspZ
ν
}Jikg_xZTywivgLZngL]uk]EZph%e0Õ
dLcool(ν) = nenHνdV 
+/;.

ikkZps
ν
_Ł%\^]xhph%]`]`eW©_ji gLcfZ%dspZ
ν
HEZphegp]xhcAike]bdJhH}fZ%g\Z%eeNZ%dfeTuOZ-uOn«Cdf]`g_xZvhW}fZps%e£gLZ
u[Ł%\^]xhph%]bd¸u#"ÏikcspcOgikdfeuOZgLZngL]uk]xhphZ%\Z%dfe#Z%d{ds%e£]bd¸uOZuOZ%ckz-}Jikgik\ª%egpZphvhZ%cF_xZ%\Z%dfe`
cF][hdfeE_xZ ebikckzuOZ uOW}fh%]`e£]bduOZ\ihphZZ%eE_jieWZ%\H}f%gike£cOgLZ \i{z|]`\^cF\ ukcywi^Õ
Lcool(ν) =
5k
2µmH
M˙
∫ Tmax
0
ν
Λ(T )
dT 
+/
:

Edgpph%cO\pC_xZhW}fZps%egLZvukc¢gLZngL]uk]xhphZ%\Z%dfeuwikdJh^spZ \uOª%_xZZph%eE_jih\^\ZvuOZphv%\^]xhph%]`]`eNphukc
ywi#©-sptJiwcZ'eNZ%\H}f%gikecFgLZpf}fduO%gLpZph°}Jikg?_Ł ]`dfkZ%gphZ?uOZ?_jiE{ds%e£]bduOZ?gLZngL]uk]xhphZ%\Z%dfe©spZ%e£eWZ
eNZ%\H}f%gikecFgLZY*Z#ebikckzuOZuOW}fh%]`e]bduOZ#\ihphZ#i%}w}Jikgi`eEsp\^\ZTcOd!iOs%eWZ%cFg#uOZ#dg\ik_a]xhike]bd
ukchW}fZps%egLZÌeWdJhcZ_ji\%ebik_`_a]bs%]`eNukc¢ywi]`dfeWZ%g%]bZ%dfeHuOZ?!i%$d]`\H}_a]bs%]`eWZ]bs%]}cF]xhc¤ŁZ%_`_xZ
]`d{ÙcfZ%dspZ_ji{ds%e£]bd-uOZgLZngL]uk]xhphZ%\Z%dfe§©#cOdZEeNZ%\H}f%gikecFgLZ'uOdfdpZ§ŁZph%e§uOdsEcOdegL]xh%]bª%\Z
}Jikgik\ª%e£gLZH_a]¦gpZukc
\uOª%_xZCEZ\uOª%_xZ    	#lﬃﬂftOdJh%eNdZ Z%eEik_jjC³w»w»kÅrvdŁZph%e}Jihuk]xhW}fdf]¦_xZ
uk]`gLZps%eNZ%\Z%dfeuwikdJh¬o CHC?m_Tdcwhi¹%eW
ykgiOs%]bZ%cwhZ%\Z%dfeC{cFgdf]'}Jikg # ﬂtOdJh%eWdZÏlnm
²

Cik\¦g]uyOZWrk
       $  	 	  
m%_Zz|]xh%eWZ-uOZd\¦gLZ%czikcOe£gLZph\uOª%_xZphT}fZ%g\Z%e£ebikdfe?u[Ł ikdik_a®¯hZ%g^_Ł%\^]xhph%]bdhW}fZps%egik_xZuwikdJh
_xZphtJikcOeNZph%dZ%g£yk]bZphl2_x]xhuOZ^}cO]xhphikdspZpsptfsphWrkﬀÌ chdZ¢uOps%g]`kdJh]bs%] c¤Ł cFdZ¥egLªph^}fZ%e£]`eWZ
}Jikge£]bZuOZ
_ŁZ%dJhZ%\¦_xZ¥uOZph}fhph%]¦]`_a]`eWphuOZ¬o C#C E_acwhuOZ¢uO%ebik]`_~hp#h%cFg_xZ{ds%e]bdfdZ%\Z%dfe
Z%e_xZph^}feWZ%dfe]ik_a]`eNphu[Ł ¬o CH×hdfeuk]xhW}fdf]¦_xZphh%cOg_xZ
h%]`eNZ¢uOZ¥_Ł ¶?
²
o
²
  l£¶H]jytEdZ%gbyk®
²
h%egLp}ftO®¯h%]bsph#o§s%]bZ%dspZ
²
gLsptO]`kZ(ﬀZphZikgpsptEZ%dfeNZ%g2rk¯
?/2.0/b. @sH8F;¤>JV?DFM4;CBÓGH@CBH8¸UN@ŁH@BTGH6ﬁﬀ
Y[Zph\uOª%_xZphu[Ł%\^]xhph%]bd}gLphZ%dfeWph'}_achtJikcOenhhdfe0iwuwuk]`e£] Lh9m_Zph%e'uOdsﬀ}fhph%]¦_xZuOZ\
uO%_a]xhZ%g_jiRspdfeg%]¦cOe]bdÐuOZ}_acwh%]bZ%cFgLh
hcOgpspZphv}fcFg¥i¨cwh%eNZ%gikcR\^]bZ%ckzÄ_xZphuOdfdpZph
²
spZ%e£eWZ
¦]¦_a]bentfªcfZuOZ-\uOª%_xZph
iwuwuk]`e] LhpﬀhfŁ i¨{cFeWZcFdÉZ%dJhZ%\¦_xZuOZ\uOª%_xZph\^cO_ae£]~}_a]bsike] Lh }fcFikdfe
gLZ%dukgpZ
sp\H}eWZ-de2ik\^\Z%dfeHuOZph}ftf%d\ª%dZph-u[Ł iw¦%hg2}e£]bdÌ cwhikkdJhcOe£]`_a]xh¥ZphphZ%dfe]bZ%_`_xZ%
\Z%dfeCuOZ%cz-\uOª%_xZphp ﬀ   
Z%e ﬀ   ¯EcF]*hdfe¦pihphTh%cOg#_xZ#\uOª%_xZuOZºAcfZ¦]`dOyOZ%dfb¾#cO_juOZ%g
u[Ł iw¦%hg2}e£]bd-}Jikg _xZ\^]`_a]bZ%c]`dfeWZ%gLh%eNZ%_`_jik]`gLZ0EZ\uOª%_xZ^sik_xs%cO_xZ _jihZps%e]bdÏZÉsiOspZ eNebik_xZu[Ł iw¦
hg2}e£]bdRuwikdJh_ji¦pikduOZv¬ sp\^\Z_jih\^\ZuOZphhZps%e£]bdJh
ZÉsiOspZphikeW\^]cZpT\_xps%cO_jik]`gLZ
Z%euOZphﬀykgik]`dJhukc
\^]`_a]bZ%c]`dfeNZ%gLsik_xZ%dfe£gLZ_jivhcOgpspZZ%eC_Łk¦%hZ%g%ikeWZ%cOgY§i^hZps%e]bdZÉsiOspZHeNebik_xZ
Zph%e0Z%dJh%cF]`eWZ dg\ik_a]xhpZ}Jikg_ji¥sp_xdfdZ uOZ%dJh%]`eWeWe2ik_xZvukc¥\^]`_a]bZ%ciw¦%hg¦pikdfeÕ
Iobs(E) = e
σtot(E)NH Isource(E) 
+/;7

E_achuOZ#uO%e2ik]`_~h?hdfeCuOdfdph¤}Jikg 	
]`_a\vh Z%eCik_jl2ÅJ´w´w´prkY*Zph}Jikgik\ª%e£gLZphT_a]¦gLZphukc\uOª%_xZﬀhdfe
_jisp_xdfdZ#uOZ%dJh%]`eWﬀÌ
H
lN³O´ 22 s%\ −2 rcO]`ik_xZ%dfeNZZ%e¤_xZuOpsik_jiyOZ?hW}fZps%egik_§ukc\^]`_a]bZ%ciw¦%hg!¦pikdfe2
 ﬁﬀﬃﬂﬂ!3 $&%)$'8" /% 8" 0*$%$" /(!+2ﬂ!4(-89% ﬂ  $!0*$467ﬂ-%)73 85ﬂ
	        H	  
	
   Ò    
      	¢	   
	 

C L G+HJUK X9R8k`Z\Q^OpR8Q d 2jQ WYQ 	%MZg]^X%WgWYQ j[^]^[^R8[`WgWYQ`fﬂd y  l 	Q
 oW*Ma\O M}rQ^] M[Oﬃ&
O#X%bej8dea\X%f
  TﬂM_ ] X Q  ZIMN]^X%Z\X%f8f Q R8Q`f OeacdP[ [^2_8acr%MZ\Q`f2dPQ Q^Oed
%
H
 Sz<VU × zcw 20 ]`W −2   RbPX%acdPQﬀﬁ
%
H
  w  × zcw 22 ]`W −2 
?/2.0/ 5 §VT>A;69:DFMN;BÀ8OV69:DO>J@UN6 GT698GH;CBHBU9698
EZ%e£eWZ}gLspukcFgLZi}fcOg¦cOeuOZeWZ%df]`gsp\H}eNZuOZ_ji
yOp\%e£g]bZ-©¢egL]xh
uk]`\Z%dJh%]bdJhuOZ_ji
hcFgLspZ%\Z%ee£g]bspZ'EZ\uOª%_xZ'}fZ%g\Z%eﬀuOZgLZW}gLukcF]`gLZ_Ł%\^]xhph%]bdk¦%hZ%gkpZv©uOZ%cz¥uk]`\Z%dJh%]bdJh
lNikdfdZikckzZ%_`_a]~}e£]cfZphWr^Z%dspdJh%]uO%gikdfe[_jispdfeg%]¦cOe]bd¢uOZ?_Ł%\^]xhph%]bd
uOZph spcfsptfZphZz|eW%g%]bZ%cOgLZph
Y*Z}g%]`ds%]~}fZZph%eH_xZ^h%cO]`ikdfe2·ikdJhcOd¢}gLZ%\^]bZ%geNZ%\H}fhpdRuOn«Cdf]`eHuOZphgLbyk]bdJhspdspZ%dfe£g]cfZph
u[ŁZz|e£giOs%e]bdÉuOZ-hW}fZps%e£gLZphﬀEdJh%cO]`eNZpd¹i¨ch%eWZcOd¹\uOª%_xZ¥ikcz¸uOdfdpZph
uOZ_Ł ikdfdZikc¸_xZ}_acwh
©¢_ŁZz|eN%g]bZ%cOg!#EZ%_ji}fZ%g\Z%e#u[Łk¦eWZ%df]`g_xZph\Z%]`_`_xZ%cFgLh#}Jikgik\ª%egpZphukc\uOª%_xZph-uwikdJh_jispcfsptfZ
Zz|eN%g]bZ%cOgLZYŁ%ebi%}fZTh%cO]`ikdfeWZ spdJh%]xh%eWZ#©-i¨cwh%eWZ%gH_xZH\uOª%_xZHuwikdJh#_Ł ikdfdZikciwu¨!iOspZ%dfe]`dfeW%g]bZ%cFg!
ﬀcFg^eWZ%df]`gsp\H}eNZuOZ_Ł%\^]xhph%]bdÏuOZ_jispcfsptfZZz|eWZ%g%dZp'cFdZ#}Jikge]bZ-uOZ^_Ł%\^]xhph%]bdukcZ©_ji
spcsptfZvZz|eNZ%gdZZph%egLZ%e£]`gLpZv©_Ł%\^]xhph%]bduOZ_ji¥spcsptfZ]`dfeWZ%gdZ
Volume de la coquille 
externe : V2
Volume V1 de l’intersection
de Vc avec V2
cylindre intérieur
Volume Vc du 
 
C L
G rHJ (9] X [`W*MYacZcZc_ Oedeb#MfﬂdZIM(WY[`d X X9R8Q R8Q R8[`j8bPX{Q^]`dea\X%fo_8deacZca\OP[^Q R Mf Osj8bPXe]`d}
Eds%gpª%eWZ%\Z%dfe`©sptJiwcfZgpcfZ%dspZp*dhch%egik]`e*ikckzuOdfdpZphuOZE_jispcfsptfZE]`dfeN%g]bZ%cOgLZpcOd
d\¦gLZTu[Ł%k%dZ%\Z%dfenh}gLp}fg%e]bdfdZ%_©spZ%_acO][uOukcO]`e°uOZ?_Ł i¨cwh%eNZ%\Z%dfeuOZ?_jispcfsptfZ'h%c}f%g%]bZ%cOgLZ
Y*Z!iOs%eNZ%cOguOZ^}gpp}fge]bdfdik_a]`eN¢Zph%e^uOn«Cdf]E}Jikg_xZ¥gi%}w}fge^ukcRk_acF\ZSË
1
u[Ł cFdIs%®_a]`dukgLZ¢uOZ
ykgikdu¥i{zFZZ%e*}fZ%e£]`eﬀi{zFZuOn«Cdf]xhﬀ}Jikg^spZ%ckzuOZ_Ł ikdfdZikc¢]`dfeW%g%]bZ%cOgLCh%cFg_xZk_acO\ZuOZv_jispcO]`_`_xZ
     
N 	 ﬃ  y 		   	   	 
Zz|eN%g]bZ%cOgLZË
2
sp\^\Z]`_`_ach%egLh%cFg_ji?«ykcOgLZ?ÎÑ¼
   ((!$0ﬃ)*$	  '%v
Ìcwh ik_`_xdJhH\ik]`dfeNZ%dikdfe}gpphZ%dfeWZ%gH_xZph#gLph%cF_aebikenhuOZ#_Ł ikdik_a®hZ?hW}fZps%e£gik_xZuOZph uOdfdpZph#uwikdJh
_ji¦pikduOZ?¬ﬂi%}w}_a]cpZ ©
²
¦%Z%_`_*³AÁ¯»wÖwEZegikik]`_spdspZ%g%dZ#_xZ e£gik]`eWZ%\Z%dfeﬀZ%e_Ł ikdik_a®hZ u[Łk¦%hZ%g
ike£]bdJh ukc¥hikeWZ%_`_a]`eNZ-tJikdukgi0k¦eWZ%dfcZph}Jikg
²
2 *iw¦]ikdZ%e?Zn#Zps%ecpZph_xZ ÅJ´^·pspZ%\¦gLZ³w»w»w»
ikkZps_Ł ]`dJh%eg%cO\Z%dfe
²
*mo2oÆ  4³kÅJ´
◦
C[YŁ ]`\iyOZk¦eNZ%dfcfZvikkZpscOdeNZ%\H}fhvuOZ}fhZvuOZ³w»O½ÅÁ

C?L
G IHJ GOQ`ZcZ zx~%|ﬀsXeO OPQ`ber[ jtMb @w  ( &(?MsOP_8b
Z\Q O#MdPQ`ZcZcacdPQBw XtMf Rb#MﬃﬁxacW*MTQ R8Q ∼ Uxwxw  × Uxwxw 
XeO8dPQ`f2_ QqR Mf OsZIM OtMf R8Q

wcz &#zcw 	Q jtMb M[O8aIMf z}|<|<|
hZpspduOZphvZph%e9}gLphZ%dfeNpZ#h%cOg_jiT«ykcFgLZﬀÎ`»w
?/ﬀ/43  CMN;BT8G n6 0DO>A@C:DJMN;CBÜGH698GH;CBHBU96988OV69:DO>J@UN698GT@CBH8U nMPQ@FC6 ﬀ
EZ%e£eWZ]`\iyOZ¢spcOgLZ
cOdZgLbyk]bdÉuOZ ∼ ½kÖO´ È }fs × ½kÖO´ È }fs0Y*ZspZ%dfe£gLZuOZ_Ł%\^]xhph%]bdÏ¬ hZ
h%]`e£cfZ¢ikczRspguOdfdpZphﬂOÅJ´w´w´ÄÕq
²
³|ÆtÎ¼|\ÖkÅO`ÖÎ T·vZpsÅJ½
◦
ÆÖ[Ł ÅOÖwÑÆ ±sfŁZph%e4©k4uk]`gLZ¢Z%df]`gLd
³O´ 0ikc-h%cJuuOZ#_jiT}fh%]`e]bdp}e]cfZuOZT_ji ywik_ji{z|]bZ sp· Ì cwhikkdJhZz|egik]`e_xZphThW}fZps%egLZphH]`dfeWbykgLph
uwikdJhtOcO]`eikdfdZikczspdspZ%dfe£g]cfZphpTcO]'hdfe'h%c}fZ%gW}fhphvh%cFg_ji«ykcFgLZ Î`»wCY*ZphuOdfdpZphdfe
%eN'e£gik]`eWpZphHikkZpsﬀ_xZﬀ_xyk]bs%]bZ%_fuOZ'gpukcfs%e]bd¥uOZTuOdfdpZph?uOZ tJikdukgiÕ*m
²
ÊSÅO`³¯Y§i?}gpspukcOgLZ
u[ŁZz|e£giOs%e]bduOZphChW}fZps%e£gLZph0iikcwhph%]§%eNﬀZn#Zps%ecpZ0uwikdJhEcOdZ]`\iyOZ0ukc{du ukcs%]bZ%_fspggLZphW}fduwikdfe

ﬁﬀﬃﬂﬂ 8 8 " 2$')+!$ '4 " 3 46 ﬂ!8 , $ (ﬂ
	 
     H	  
	
   Ò    
      	¢	   
	 
ikckz\­%\ZphgLbyk]bdJh0ukcuO%eWZps%eNZ%cOgHlNuwikdJhE_xZphCtOcO]`e*ikdfdZikckzvspdspZ%dfeg]cZphWr¤}fcOg0cfZ_xZphhW}fZps%egLZph
ukc{duuOZs%]bZ%_f}cO]xhphZ%dfe?­%egLZhcwh%egik]`e`h^ikckzhW}fZps%e£gLZphuOZv_Ł ]`\iyOZ0EZ%_jih%c}w}fhZcZv_xZ{du
uOZs%]bZ%_'uwikdJh
_Ł ]`\iyOZ¢Zph%e'}gpsptfZukc¥{duÏukcÉs%]bZ%_?Zn#Zps%e£]`kZ%\Z%dfe\Zph%cOgLvEZW}fZ%duwikdfenspZ%e£eWZ
\%entfuOZ¤}fZ%g\Z%eCu[Ł ikk]`gﬀ_ji^\­%\ZTgpW}fdJhZ'h%cOg`!iOs%]cZ#ukcuO%eWZps%eWZ%cFgC}fcFgT_Ł ]`\iyOZHcZ}fcFgT_xZ
{duw9Y*ZphhW}fZps%egpZphvdfeﬀ%eWTykgLc¯}fph}fcFg#hfŁ ihph%cOgpZ%g u[Ł ikk]`g ikc¥\^]`df]`\^cO\ÒÅJ´%k%dZ%\Z%dfe`h0}Jikg
sikdik_*u[Ł%dZ%g£yk]bZpuOZ\ikdf]bª%gLZ©¥spZ cZ _xZ eWZph%e0ukc
χ2
}cO]xhphZ^­%e£gLZ ik_a]uOZlsn!
²
dfdZzFZH[r
Y[ZphuOdfdpZphdfe%eW
%ebik_xdfdpZph©¢_Ł ik]uOZ-ukc«0sptO]bZ%gu[Ł%e2ik_xdfdiyOZ

²
Y*·#¾'ÅOÑÆ¤Y*Zph
%k%
dZ%\Z%dfenh}fds%e£cfZ%_~hvuOZC{geNZ ]`dfeWZ%dJh%]`eNvuwikdJh _Ł ]`\iyOZ ukc{du
uOZ^s%]bZ%_Z%e0uwikdJh _Ł ]`\iyOZdfeﬀ%eW
gLZ%e£]`gLphY*Zphv\ikeg]bspZphvuOZgpW}fdJhZphŁ ﬀq ŁZ%eŁ
²
 vŁdfe?%eNspdJh%eg%cO]`eWZph?}fcOg^sptJiwcZgLbyk]bd
u[ŁZz|e£giOs%e]bdEY9i¦pikduOZu[Ł%dZ%g£yk]bZ¥%ecJuk]bpZspcOgLZ_Ł ]`dfeWZ%gik_`_xZ 	´k`ÖkÁ¯´ 
È
ZJË}fcFg-_a]`\^]`eNZ%g-_xZph
Zn#Z%enhuOZ\ikcOik]xh¢%ebik_xdfdiyOZ¥uwikdJh
_xZph¥¦pihphZph¢%dZ%g£yk]bZph¥uOZ_jiÄ¦pikduOZ¬ l£hNe?¬ Wgik®prÄik]`dJh%]
cZ_jispdfeg]¦cFe]bduOZph^gik®wdJhsph%\^]cfZphpﬀcO]ﬀuO\^]`dZ%dfe0_Ł%\^]xhph%]bdÏukc^{du¢ikcO4uOZphph%chuOZ
Ö
È
ZJË[
 [dZzFZ%\H}_xZTl~«ykcOgLZ[Î`³O´prﬀ\dfe£gLZ_xZph¤hW}fZps%egLZph'k¦eNZ%dfcwhuwikdJh'sptJiOs%cFdZuOZph¤tOcF]`e<gpbyk]bdJhocFg
spZph#ykgi%}ftfZphp¤hdfeh%c¯}fZ%g2}fhphvuOZph\uOª%_xZphu[Ł%\^]xhph%]bduOZve®p}fZeb¦piw¦%hl2\Z
È
ik_ &e2¦piw¦%hl2g`¨{sp_ rprk
EZph-\uOª%_xZph
dfe%eNi¨cwh%eNph }fcOg-gLZW}gLphZ%dfeNZ%gikc\^]bZ%cz_xZphuOdfdpZphikcuOpsik_jiyOZ^hW}fZps%egik_
u[Ł
²
¦%Z%_`_A³AÁ¯»wÖw*Ê0d}fZ%cFe°spdJh%ebikeNZ%g0cZ0_ji^spdfeg%]¦cOe]bd
ukcspcOgikdfe[uOZ0gLZngp]uk]xhphZ%\Z%dfe*Zph%e[ihphZ
!ik]¦_xZ¤ŁZph%euwikdJh#_jigpbyk]bd¢ikcOeNcOg uOZ³
È
ZJË§°_j© 
_xZThW}fZps%e£gLZZph%euO\^]`d}JikgH_Ł%\^]xhph%]bd¢ukc
sp\H}_xZzFZvuOZgik]bZph [Z%bY[0cfZ_Ł ]`\H}fgebikdspZvukcÄspcOgikdfe'uOZgLZngL]uk]xhphZ%\Z%dfeﬀZph%e_ji}_acwh{geWZ
·ZC}_achpCd^}fZ%cFek]`g?h%cOgH_xZHe£giOsp#uOZph#gLph%]ukcwhvlNikcuOZphphch#uOZ sptJiwcZﬀhW}fZps%egLZWrcOd¢uOn«0s%]`eCuOZ
}f]`dfenh ©
¦pihphZ%dZ%g£yk]bZpcO]uO%deNZ_ji }gLphZ%dspZu[Ł iw¦%hg2}e]bduOZ _Ł%\^]xhph%]bd¬v
?/ﬀ/b. 98O=HU2DF@¤DF8   >J; #UN8¸>A@CGHMN@C=q
    	
 	 ﬀ  #         	
Y[Z}gLZ%\^]bZ%g\uOª%_xZcO]^iS%eNsp\H}JikgLikckzÛuOdfdpZphuOZ¢_jiR¦pikduOZ¬ Zph%ecOdI\uOª%_xZ©
eNZ%\H}f%gikecFgLZcOdf]cZpuOZEe®}fZ   	OY[Zph9}Jikgik\ª%egLZph_a]¦gpZphukc \uOª%_xZ¤hdfel2]~r?_jiHeNZ%\H}f%gikecFgLZ
ukcywi%l2]`]~rhi^\%ebik_`_a]bs%]`eN Z%e'l2]`]`]~rv_jisp_xdfdZ#uOZ%dJh%]`eW cO]`ik_xZ%dfeWZu[Ł tO®kukgLyOª%dZY Ł iw¦%hg2}e]bd
ywik_jiOs%e£]cfZZ%dÄuk]`gpZps%e]bdÄuOZ_ji-hcOgLspZ-Zph%eTspdfdfcfZE_`_xZZph%e?Zph%e£]`\pZ©¢´k´k³kÅ¢³O´ 22 °Y*Zve2iw¦_xZikc
Î`³-}gpphZ%dfeWZ_xZphgLph%cO_ae2ike`h¢k¦eWZ%dfch }fcOg_xZph\Z%]`_`_xZ%cFgLhi¨ch%eWZ%\Z%dfe`huwikdJh¥sptJiOs%cFdZuOZphtOcF]`e
gLbyk]bdJhH%ecAuk]bpZphY*ZphT¦pikggLZphTu[ŁZ%ggLZ%cFgLh#dfe°%eWsik_xs%cF_xpZph}fcFg'cOd
df]`kZikcuOZ#spd{«EikdspZﬀuOZ#½¼
lsn!
²
dfdZzFZ^*rkEdfegik]`gLZ%\Z%dfe©Ee£eWg]Z%e#ik_jl2ÅJ´w´ÅOi%r?_xZ}Jikgik\ª%egpZuOZsp_xdfdZuOZ%dJh%]`eW
Zph%eC_jik]xhph_a]¦gLZ'}fcFg0}fcOk]`ggpZ%dukgLZsp\H}eWZu[Ł cOdÏ%kZ%dfe£cfZ%_ZzFspªphu[Ł iw¦%hg2}e]bd
Ê0dv}fZ%cFeEspdJh%ebikeWZ%gﬀh%cOgT_ji«ykcOgLZÎ`³w³cfZT_jiveNZ%\H}f%gikecFgLZuOps%gL `eO!ik]¦_xZ%\Z%dfeuOZW}cF]xh ∼ ³wÖO´
È
}fs ¨chc¤Ł ©cFd7gik®d u[ŁZ%df]`gLd7ÖO´
È
}fs
²
}Jikg%e]`guOZspZgik®dJ_ji¸eNZ%\H}f%gikecFgLZsptOcOeNZuOZ
!i%$d}_ach¦gcFebik_xZp}fcOgikeeNZ%]`dukgLZuOZph#ik_xZ%cOgLhuOZH_ŁgukgLZuOZ#Æ`Ö
È
ZJË[EEZ%eeWZuOps%gL]xhphikdspZ#uOZ
_jieWZ%\H}f%gikecOgpZ
Zph%esikgiOs%eN%g]xh%e]cZuOZphik\ih-iw¦g]`e2ikdfe?cFdSspcOgikdfe#uOZ^gpZngL]uk]xhphZ%\Z%dfebCE_`_xZ
\Z%eCZ%d%]uOZ%dspZﬀcOd¥gpZngL]uk]xhphZ%\Z%dfe*giwuk]ike£] ﬀegLªph#iOs%e£] Z%eegLªphTgi%}]uOZ#ikcspZ%dfe£gLZHuOZspZphHik\ih
Y*Z}gLN«C_Tu[Ł iw¦%duwikdspZZph%e_acO]vikchph%]sikgiOs%eN%g]xh%e]cZp«ykcOgLZÎ`³kÅO^Ê0d}fZ%cOek]`gcOdZdZ%e£eWZ
ikc|yk\Z%dfebike]bduOZ_ji\%ebik_`_a]bs%]`eNikcspZ%dfegpZpuwikdJh_jigLbyk]bdÄ _jieNZ%\H}f%gikecFgLZ^sptOcOeNZ
m%_JZph%e]`\H}fgebikdfe§uOZEgLZ%\ikgcZ%gEcfZE_xZphikg]ike]bdJhEuOZph*}Jikgik\ª%e£gLZph^Ł º<Z%\H}f%gikecFgLZfŁ{Z%eﬀŁ
²
¦%df
uwikdspZfŁ|hdfe'%e£gL]`eWZ%\Z%dfe_a]bpZph[EdÏZn#Z%endcwh_Ł ikkdJhcw_xZvgLZngL]uk]xhphZ%\Z%dfe§}Jikg_Ł%\^]xhph%]bd
uOZph gik]bZphvu[Ł%_x%\Z%dfenh\%ebik_`_a]cfZphuOW}fZ%du
uOZ _jieNZ%\H}f%gikecFgLZukc¥\^]`_a]bZ%cÏl£h%cOgeNcOe0_xZC{Z%gLuwikdJh
_ji gik]bZ?ihphZ'_jikg£yOZ?ukc [Z%bY**cO]Zph%e9gi%}w}fZ%_xdJh%W_xZp§cOd¥sp\H}fh%]`eWZ'uOZ}_acwh%]bZ%cFgLh'gik]bZphﬀu[Ł%\^]xhph%]bd
     
N 	 ﬃ  y 		   	   	
 

C L Gh*FsHJ nQ`Wgj8Z\QSRHhiM {_ OedPQ`WYQ`fﬂdlR8Q WYX9R8k`Z\Q^ORHh [`Wga\O#Oea\X%f;Q(2N
Q^OmOejQ^]`debPQ^OQ ndeb#MacdPOmR Mf O
X2_8acdNbP[`T<a\X%f OpR8Q Zh acW*MTQ w XtMf Rb#M RHhGO3Q`ZcZ zx~%|ﬀ OPX%fﬂd M {_ OedP[^OojtMb _8f WYX9R8k`Z\Q R8Q d 2jQ
d OtM[O Oy WYQ 	%MZ

V^d OtM[O Oxy b e]^X9X%Z e KN
Q^OR8Q`_n ]^X%Wgj3X<O#Mf2dPQ^O@WYX9R8[`Zca\OP[^Q^OlMacf Oea 2_ Q Z\Q`_8bPO@O#X%WgWYQ^O
O#X%fﬂdFOe_8jQ`bej3X<O#[^Q^OFOe_8bF] XtM%]`_8f R8Q^OFOejQ^]`debPQ^O}
	 
     H	  
	
   Ò    
      	¢	   
	 
eb¦piw¦%hl2\Z
È
ik_ r
 
ﬁ
  
	




)
 33


 



@ﬃ 


ﬃ
ﬁﬀ

P"<$
22

−2

ﬃﬂ
ﬀ
ﬂ  
$`"<$ $`"
1

1/;. +0.3
−0.2 $
/
$
55 +0.8
−0.7 $
/47. +0.16
−0.13
"<$
5
$ #"
1

5
:

1/;. +0.2
−0.1 $
/
$
591 +0.5
−0.5 $
/
:$
+0.07
−0.06
5
$
1
$ 
5
: 
1-

+3/41 +0.2
−0.1 $
/
$"
1 +0.4
−0.4 $
/4.9- +0.08
−0.06
1
$
+
$ 
1-

.5

.t/
$
+0.2
−0.2 $
/
$
687 +0.4
−0.5 $
/
:
6 +0.09
−0.07
+
$
.
$ 
.5
P:
.

.t/;5 +0.2
−0.2 $
/
$
6
:
+0.5
−0.4 $
/ +86 +0.07
−0.08
.
$
7
$ :
.

-
"

.t/;. +0.2
−0.2 $
/
$"<:
+0.4
−0.3 $
/ +
"
+0.06
−0.06
7
$^"%$$ 
-
"!^"
1
"

.t/46 +0.3
−0.1 $
/
$"
7 +0.3
−0.3 $
/ ++ +0.06
−0.05
"%$$^"
6
$ #"
1
"
5912+

:
/;5 +0.2
−0.2 $
/
$
55 +0.3
−0.2 $
/459- +0.04
−0.04
>@?BADCEL
Gh*tJ  OedeacW*Mdea\X%f R8Q^ODjtMb#MWYk`debPQ^O@Zca0O8bPQ^OFRHh _8f WYX9R8k`Z\Q R8Qld 9j3Qld#M[O Oxy WYQ 	<MZ  ﬁ8R8X%f8ftMfﬂd
Z\QlWYQ`acZcZ\Q`_8blM !_ OPdPQ`WYQ`fﬂd@R8Q^OFOPj3Q^]`debPQ^OFQ ndeb#MacdPO@R8Q X2_8acd@bP[`T<a\X%f O]^X%f ]^Q`fﬂdebea\2_ Q^O}

C L Gh*<*tJ  bPX # Z R8Q=dPQ`Wgj[`b#Mde_8bPQ XeO8dPQ`f2_ jtMb M {_ OedPQ`WYQ`fﬂd RHh _8f WYX2R8k`Z\Q R8Q,d 2jQ
d OtM[O Oy WYQ 	%MZ  KN
Q^O OtMbebPQ^ORHh Q`bebPQ`_8bPOlOPX%fﬂdGt z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QUOP_8bFZIMgr<MZ\Q`_8b@R8Q^OFjtMb#M &
WYk`debPQ^O  
     
N 	 ﬃ  y 		   	   	 

C L
Gh*8EJ  bPX # Z R8Q WY[`d#MZcZca\]`acdP[ XeO8dPQ`fﬂ_ jtMb M !_ OPdPQ`WYQ`fﬂd RHh _8f WYX9R8k`Z\Q R8Q d 2jQ
d OtM[O Oy WYQ 	%MZ  KN
Q^O OtMbebPQ^ORHh Q`bebPQ`_8bPOlOPX%fﬂdGt z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QUOP_8bFZIMgr<MZ\Q`_8b@R8Q^OFjtMb#M &
WYk`debPQ^O  
ukc [Z%ge£gLªph }gpsptfZph_xZph-cOdZphuOZphikcOegpZph¥Z%e#ddRuk]xh%e]`dOykcAiw¦_xZph©_jigLph_acFe]bdhW}fZps%e£gik_xZuOZ
tJikdukgi%rkﬀEZve®}fZgpZngL]uk]xhphZ%\Z%dfe*}Jikg_xZphgik]bZph^u[Ł%\^]xhph%]bdZph%e}_achZÉsiOspZ©¦pihphZeWZ%\^
}f%gike£cOgLZ¥l~«yw~Î`Ö%rk 0ikgspdJhcfZ%dfenh%]_jieWZ%\H}f%gike£cOgLZ-ukc\^]`_a]bZ%cÏi%eNh%cOgLZph%e£]`\pZpﬀik_xgLh_ji
\%e2ik_`_a]bs%]`eWﬀhZ%giZ%_`_xZikchph%]§h%cOgLZph%e£]`\pZ
²
]`dJh%]_xZ}]bs#u[Ł iw¦%duwikdspZp©
Z%df]`gLd¥ÆF´
È
}fsp}fcOggik]`e
Zn#Zps%e£]`kZ%\Z%dfe*egiwukcF]`gLZT_ji?}gLphZ%dspZHiOsps%g%cfZH©-spZ%eZ%dukgL]`euOZ?\%e2ikcz\ik]xhspZ%_ji?}fcFggik]`e¤ikcwhph%]
­%e£gLZu#"©-cOdZeWZ%\H}f%gike£cOgLZ#h%cFgLZph%e]`\pZikc\­%\Zgik®wd*Y*Zsp\H}fgeNZ%\Z%dfe¤giwuk]ik_*uOZ#_jiuOZ%df
h%]`eN^uOZsp_xdfdZ-cO]`ik_xZ%dfeNZZph%eHbywik_xZ%\Z%dfe0egLªph]`dfeW%gLZphphikdfe2°ocOg_xZykgi%}ftfZHÎ`³|ÆTdÏi
e£giOsp
Z%d_a]jykdZspdfe]`dfcZ_ji_a]`\^]`eNZuOZ _Ł iw¦%hg2}e]bdywik_jiOs%e]cZÊ0d}fZ%cFe'spdJh%e2ikeWZ%gcZ_xZ'}Jikgik\ª%egLZ
u[Ł iw¦%hg2}e£]bdZph%e[cJih%]`\Z%dfespdJh%e2ikdfe[uwikdJh_xZph]`dfeNZ%gik_`_xZph'uOZﬀ¦pikggLZph?u[ŁZ%ggLZ%cFg!Om%_Zph%e[uOZ0_ŁgukgLZ
uOZﬀykgikduOZ%cOguOZ_Ł iw¦%hg2}e]bdywik_jiOs%e]cfZikcO4uOZ%_j©-uOZphÆF´
È
}fs spZ%dfe£gikcz 0ikgspdJhcfZ%dfen]`_dŁ ®
}Jih-uOZegiOspZ^h%]jykdf] «0sike£]`kZu[Ł cFdSZzFspªph-u[Ł iw¦%hg2}e]bd¸uwikdJhspZphgLbyk]bdJh
²
c¸spZ%dfegpZuOZ_Ł ik\ihp
dspdJh%ebikeNZ?cOd
_xbyOZ%g#ZzFspªphTu[Ł iw¦%hg2}e£]bdJ*uwikdJh?_ji\­%\ZﬀgLbyk]bd¢ i%}w}Jikgi`e*cOd¢ZzFspªphHu[Ł iw¦%df
uwikdspZ9o]¤spZ%eZn#Z%e¤dŁZph%e}JihgLpZ%_9Z%eEcZTÌT¶Qi%eNTh%cFgLZph%e]`\pik_xgLh_ji^eNZ%\H}f%gikecFgLZikcspZ%dfegLZ
uOZ_Ł ik\ihuOZ%gik]`e0­%e£gLZ^Z%dspgLZ0}_acwhv¦pihphZ
Y9igpbyk]bdspZ%dfe£gik_xZuOZ_Ł ik\ihuOZTywik_ji{z|]bZl}7ÅJ´NÆF´
È
}fsWr#}gLphZ%dfeWZuOds uOZTykgikduOZph0}Jikge]`
s%cF_jikg]`eWph ﬀcFg%e£cJuk]bZ%gspZ%_ji?}_ach#ikikdfe`[dch#ikkdJhsp\H}JikgLﬀ_xZph#uOdfdpZph¬ÂikkZps?cOd\uOª%_xZ
}_achHhp}ftO]xh%e£]cf
    	
 	        	                   

 	
Ìcwh-ikkdJhcÄuwikdJh^_xZtJi%}]`e£gLZmcfZ_jisptOcOeNZuOZpheNZ%\H}f%gikecFgLZph-ikc¸spZ%dfe£gLZ-uOZ_Ł ik\ih
}fZ%cFe¤­%egpZ']`dfeNZ%g2}gL%eNpZsp\^\Z'_jiﬀ}gLphZ%dspZTu[Ł cFd¥spcFgikdfeuOZﬀgLZngp]uk]xhphZ%\Z%dfebfÌ cwhHikkdJhTuOds
iwuwuk]`e£]bdfdT_xZph spdfe£g]¦cOe£]bdJhuOZ uOZ%cz\uOª%_xZphu[Ł%\^]xhph%]bdÕ9cFd\uOª%_xZuOZ#e£®p}fZ*  	ﬀZ%e¤cOd
\uOª%_xZ uOZspcOgikdfe0uOZgpZngL]uk]xhphZ%\Z%dfe¤]`dJtf\yOª%dZuOZ e£®p}fZ    	 ﬀcFggLZ%dukgLZsp\H}eWZuOZ
	
     H	  
	
   Ò    
      	¢	   
	 

C L
Gh*
)
J  bPX # Z R8Q ]^X%Z\X%f8f Q R8Q`f OeacdP[ XeO8dPQ`f2_,jtMb M {_ OedPQ`WYQ`fﬂd RHh _8f WYX9R8k`Z\Q R8Q d 2jQ
d OtM[O Oy WYQ 	%MZ  KN
Q^O OtMbebPQ^ORHh Q`bebPQ`_8bPOlOPX%fﬂdGt z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QUOP_8bFZIMgr<MZ\Q`_8b@R8Q^OFjtMb#M &
WYk`debPQ^O  
_Ł iw¦%hg2}e£]bdJ0dchikkdJh'«[zF^_xZ}Jikgik\ª%egLZ-u[Ł iw¦%hg2}e£]bd¸uOZph-uOZ%ckzÄsp\H}fhikdfe`h©¢_ji¢ik_xZ%cOg
ywik_jiOs%e£]cfZZ%e#dcwhikkdJh\^cO_ae£]~}_a]b_Ł%\^]xhph%]bdRukcÛspcOgikdfeuOZgLZngL]uk]xhphZ%\Z%dfe'hZ%cF_9}Jikg-cOd
!iOs%eNZ%cOg?u[Ł iw¦%hg2}e£]bd^h%c}w}_x%\Z%dfe2ik]`gLZpspdJh%]uO%gikdfe[cfZﬀ_xZywi'hZﬀgLZngp]uk]xhphikdfe`O}fZ%cFeike£eWZ%]`dukgLZ
uOZpheWZ%\H}f%gikecOgpZphegLªph-¦pihphZphZ%es%gLpZ%g^hd¥}gpp}gLZ-iw¦%hg!¦pikdfebCY*Ze2iw¦_xZikc¥ÎxÅ-}gLphZ%dfeWZ_ŁZ%df
hZ%\¦_xZuOZphv}Jikgik\ª%e£gLZph¥k¦eNZ%dfcwhv}fZ%g\Z%ee2ikdfeu[Łk¦eNZ%df]`g_xZ\Z%]`_`_xZ%cOgi¨ch%eWZ%\Z%dfeE}fhph%]¦_xZ
uOZph
uOdfdpZph#hW}fZps%egik_xZphvuwikdJh _xZphtOcO]`egLbyk]bdJh^%ecAuk]bpZphY§iT«ykcFgLZTÎ`³Î\dfegpZcOd}gpN«C_[uOZeWZ%\^
}f%gike£cOgLZuOps%gL]xhphikdfe'©}Jikg%e]`gu[Ł cOdykgikdu
gik®d¦%Zikcspc}}_acwh^\ikgcfcfZH}fcOg_xZ\uOª%_xZ
}gLpspuOZ%dfe2
²
cspZ%dfegpZvuOZ _Ł ik\ihpuwikdJh_xZphÆF´
È
}fs^spZ%dfe£gikcz_ji-eWZ%\H}f%gikecOgpZuOps%gL `eEuOZC!i%$d
Z%dspgLZT}_acwh-¦gcFebik_xZ¤qik]xh^_j©Z%dspgpZp_ji¥eWZ%\H}f%gike£cOgLZ_ji^}_acwh¦pihphZikcspZ%dfe£gLZuOZ_Ł ik\ih-Zph%e
uOZ_ŁgukgLZuOZ ∼ Æ2Á È ZJË[CY§i«ykcOgpZ#Î`³wÖ¥\dfegLZcfZ_ji¥\%ebik_`_a]bs%]`eWukcywi^]`dfe£gik4ik\ihikckyk
\Z%dfeNZ-kZ%gLh-_xZspZ%dfe£gLZ
uOZ_Ł ik\ihp*¨cwhc¤Ł ©ÄuOZph-ik_xZ%cOgphhZ%dJh%]¦_xZ%\Z%dfebywik_xZph©ÏspZ%_`_xZZph%e]`\pZph
}Jikg#_xZ\uOª%_xZE}gppspuOZ%dfeb 0i%}w}fZ%_xdJhcZ_ji\%e2ik_`_a]bs%]`eW]`dfegik4ik\ihZph%euOZ_ŁgukgLZuOZv´kÑÆ 


Y*Zphik_xZ%cFgLhu[Ł iw¦%duwikdspZuwikdJh_ji¢gLbyk]bdÛspZ%dfe£gik_xZ^hdfeT¦]bZ%d¢}_acwh
%_xZ%kpZphcfZ_ji¢\%e2ik_`_a]bs%]`eW
ike£eWZ%dukcfZuwikdJh _xZTywi]`dfegik4ik\ih
Y9i#«ykcOgpZTÎ`³O½}gLphZ%dfeNZ_xZphvik_xZ%cFgLhukc-}Jikgik\ª%egpZÌ?¶Y*Zph-sp_xdfdZphvuOZ%dJh%]`eWukcv!iOs%eWZ%cFg
u[Ł iw¦%hg2}e£]bd¥uOZH_Ł%\^]xhph%]bd¬Âukcywi]xhph%cukc\uOª%_xZ#uOZspcOgikdfeCuOZHgpZngL]uk]xhphZ%\Z%dfeb¤EZ%_`_xZph%
s%]hdfeuwikdJh'_ŁZ%dJhZ%\¦_xZﬀ¦]bZ%dh%c}f%g]bZ%cFgLZphT©_Ł iw¦%hg2}e]bdywik_jiOs%e]cfZÊ0d }fZ%cOeCspdJh%ebikeWZ%gﬀcCŁ ikc
spZ%dfe£gLZuOZv_Ł ik\ihp_jisp_xdfdZuOZ%dJh%]`eWcO]`ik_xZ%dfeWZ^u[Ł tO®kukgLyOª%dZZph%e}Jikge£]bs%cO_a]bª%gLZ%\Z%dfe¤ykgikduOZ
EZ%_ji¥hfŁ ]`dJhs%g]`e¦]bZ%dRuwikdJh-_Ł ]`dfeNZ%g2}gL%ebike£]bdÛuOZ-_ji-}gpphZ%dspZu[Ł cOd¹spcFgikdfe#uOZgLZngL]uk]xhphZ%\Z%dfe`
uOW}fhikdfeuOZ^ykgikduOZphcJikdfe£]`eWph
uOZ\ike]bª%gLZikcSspZ%dfegLZuOZ_Ł ik\ihp#\ik]xhikcwhph%]#©}_ach^ykgikdu
gik®d?Y§i}gLphZ%dspZu[Ł cFdZ¥]`\H}fgebikdfeNZiw¦%hg2}e]bdÄ}fcFggik]`eZz!}_a]cfZ%g_jiÏdd uO%eNZps%e]bd7uOZ
ywiÏ©ÛuOZpheWZ%\H}f%gikecOgpZph 
2 − 3 È ZJË ikc spZ%dfegLZuOZphik\ihuOZywik_ji{z|]bZphikkZpsÏspcOgikdfe-uOZ
gLZngp]uk]xhphZ%\Z%dfeb
Ê0d¥}fZ%cOe?ikchph%]Ek]`gcZ_xZH}]bsuOZ^\%ebik_`_a]bs%]`eNikcFeWcFguOZ^ÆF´
È
}fsspggpZphW}fdu¥©cOd¸uOn«0s%]`e
     
N 	 ﬃ  y 		   	   	 
e2¦piw¦%hl2\Z
È
ik_ &eb¦piw¦%hl2g`¨{sp_ rpr
  
ﬁ
  
	



3 
)
 3 


 



M˙
  @ﬃ 


ﬃ
ﬁﬀ

P"<$
22

−2

 ﬂ
ﬀ
ﬂ    /an
$`"<$ $ ^"
1

1/;7 +0.3
−0.3 $
/411 +0.31
−0.19 $
/06
$
+0.17
−0.15
7/
:
5 +5.0
−4.1
"<$
5
$ #"
1

5
:

1/46 +0.1
−0.2 $
/;57 +0.14
−0.10 $
/
:
1 +0.07
−0.07 "
7/4.5 +5.9
−5.7
5
$
1
$ 
5
:
1-

+3/4- +0.3
−0.2 $
/
$:
+0.03
−0.04 $
/
:
+ +0.08
−0.08 "
./
:
- +4.4
−4.4
1
$
+
$ 
19-

.5

.t/46 +0.4
−0.3 $
/
$
1 +0.06
−0.03 $
/472+ +0.10
−0.09 "
13/
"<:
+3.8
−3.8
+
$
.
$ 
.95
P:
.

.t/
:
+0.4
−0.4 $
/
$
6 +0.06
−0.08 $
/ +86 +0.09
−0.06
7/0-
:
+4.5
−3.6
.
$
7
$ :
.

-
"

.t/46 +0.3
−0.3 $
/
"
. +0.2
−0.08 $
/ +
"
+0.05
−0.06 "<$
/4796 +5.9
−5.8
7
$^"%$$p
-
"^"
1
"

:
/;5 +0.3
−0.2 $
/
"<:
+0.19
−0.08 $
/ + . +0.06
−0.05 ""
/
"<$
+6.1
−5.8
"%$$^"
6
$p#"
1
"
5219+

7t/;7 +0.4
−0.4 $
/
$
-. +0.02
−0.02 $
/0185 +0.05
−0.04
.
:
/
:$
+8.4
−8.5
>@?BADC L
GIEJ  OedeacW*Mdea\X%f R8Q^O jtMb#MWYk`debPQ^O Zca0O8bPQ^O RHh _8f WYX9R8k`Z\Q R8Q d 2jQ
d OtM[O Oy WYQ 	%MZ

V^d OtM[O Oxy b e]^X9X%Z e ﬁ R8X%f8ftMfﬂd Z\QWYQ`acZcZ\Q`_8bM {_ OedPQ`WYQ`fﬂd R8Q^OOejQ^]`debPQ^O Q ndeb#MacdPO
R8Q X2_8acdFbP[`T<a\X%f O@]^X%f ]^Q`f2debea\ﬂ_ Q^Ox

C L G+*FL
J  bPX # Z3R8QFdPQ`Wgj[`b#Mde_8bPQﬀﬁ2R8[^R_8acdBR8QFZhiMftMZ OPQFOejQ^]`deb#MZ\Q@R8Q@bP[`T<a\X%f O ]^X%f ]^Q`f2debea\ﬂ_ Q^O
Q ndeb#MacdPQ^O
R8Q Zh acW*MTQEQ RHhGO3Q`ZcZzx~%|ﬀDj3X%_8bH_8fqWYX2R8k`Z\Q R8Qd 2jQ d OtM[O Oxy WYQ 	<MZ

V^d OtM[O Oxy b e]^X2X%Z e 
N Q^O.OtMbebPQ^O@RHh Q`bebPQ`_8bPOOPX%fﬂdGt z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QqOe_8bsZIM(r<MZ\Q`_8bFR8Q^OFjtMb#MWYk`debPQ^O  
	       H	  
	
   Ò    
      	¢	   
	 

C L
Gh*?JHJ  bPX # Z R8QUWY[`d#MZcZca\]`acdP[ﬀﬁ3R8[^R_8acd R8QUZhiMftMZ 9O#QSOPj3Q^]`deb#MZ\QSR8QqbP[`T<a\X%f Ol]^X%f ]^Q`f2debea\ﬂ_ Q^O
Q ndeb#MacdPQ^O
R8Q Zh acW*MTQEQ RHhGO3Q`ZcZzx~%|ﬀDj3X%_8bH_8fqWYX2R8k`Z\Q R8Qd 2jQ d OtM[O Oxy WYQ 	<MZ

V^d OtM[O Oxy b e]^X2X%Z e 
N Q^O.OtMbebPQ^O@RHh Q`bebPQ`_8bPOOPX%fﬂdGt z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QqOe_8bsZIM(r<MZ\Q`_8bFR8Q^OFjtMb#MWYk`debPQ^O  

C L Gh* HJ  bPX # ZR8Q ]^X%Z\X%f8f Q R8Q`f OeacdP[ﬀﬁ R8[^R_8acd R8Q ZhiMftMZ OPQ OejQ^]`deb#MZ\Q R8Q bP[`T<a\X%f O
]^X%f ]^Q`f2debea\ﬂ_ Q^O Q ndeb#MacdPQ^O R8Q Zh acW*MTQ Q RHh OQ`ZcZ zx~%|ﬀ jX%_8b _8f WYX2R8k`Z\Q R8Q d 2jQ
d OtM[O Oy WYQ 	%MZ

V^d OtM[O Oxy b e]^X9X%Z e  N
Q^OﬂOtMbebPQ^O RHh Q`bebPQ`_8bPO OPX%fﬂd t z
σ
y xv " R8Qp]^X%fﬃ#Mf ]^Q OP_8b
ZIMSr<MZ\Q`_8b@R8Q^OsjtMb#MWYk`debPQ^O  
     
N 	 ﬃ  y 		   	   	
	
uwikdJh_Ł iw¦%hgW}e]bdEZ%_ji¢}fcFggik]`e-­%egpZ¢_ji\ikgcZu[Ł cFdZ {g\ike]bdÐh%eWZ%_`_jik]`gLZiOs%e]`kZÏlNihph
s%]bpZikkZps_Ł%\^]xhph%]bduwikdJhv_jigik]bZv¶
α
ruwikdJhv_xZphÅJ´`Î´
È
}fsspZ%dfe£gikczCo]_xZ^gpphZ%gk]`guOZywi
cF]EdcFgg]`e'_ji#{g%\ike]bd¸u[Ł%eW]`_xZphZph%e'_xZywi-uOW}fhT}Jikg_xZspcOgikdfe?uOZgLZngp]uk]xhphZ%\Z%dfe`ﬀd
hfŁ ike£eWZ%du©spZ^cfZ_jispdJh\^\ike£]bdukcywiuOW}fh'}fcOgE{g\Z%guOZph%eN]`_xZphp0uk]`\^]`dfcfZ^Zn#Zps%
e£]`kZ%\Z%dfeC_ji
cJikdfe£]`eWvuOZTywiiw¦%hg!¦pikdfe`0sp\^\ZspZ%_jii%}w}Jikgi`eb

C L Gh*2HJ  bPX # ZqR_d#M_n R8Q R8[`jX<Oeacdea\X%f R8QNW*M%OPO#QﬀﬁBR8[^R_8acd R8QNZhiMftMZ OPQNOejQ^]`deb#MZ\QpR8Q
bP[`T<a\X%f ON]^X%f ]^Q`f2debea\ﬂ_ Q^OpQ ndeb#MacdPQ^ONR8Q Zh acW*MTQ Q RHhGO3Q`ZcZ zx~%|ﬀ j3X%_8b _8fWYX9R8k`Z\Q R8Q d 2jQ
d OtM[O Oy WYQ 	%MZ

V^d OtM[O Oxy b e]^X9X%Z   (2_8bFZ\Q T<b#Mj5X QﬀﬁtOPX%fﬂdFj8bP[^O#Q`fﬂdP[^OFZ\Q^O@d#M_n [`r<MZc_ [^O@R Mf O@] XtM%2_ Q
Mf8f Q}M_ ﬁ2Macf Oea ﬂ_ QDZ\Q^Od#M_nY]`_8WU_8ZIMdea O}  AN
Q^OOtMbebPQ^O RHh Q`bebPQ`_8bPO OPX%fﬂd t(z
σ
y xv " R8Qs]^X%fﬃ#Mf ]^Q
OP_8bsZIMSr%MZ\Q`_8b@R8Q^OFjtMb#MWYk`debPQ^O 
Y9iv«ykcOgLZ Î`³AÁ\dfegLZ_xZ}gpN«C_¤giwuk]ik_uOZ-ebikckzuOZuOW}fh%]`e£]bdRuOZ\ihphZEoc}fZ%g2}fhpd
iegiOsp_xZebikckz¸s%cF\^cO_jike£] uOZ
uOW}fh%]`e£]bdÛuOZ\ihphZÊ0d}fZ%cOevspdJh%e2ikeWZ%g_jigLZ%_jike£]bd_a]`dik]`gLZ
q¸l}g2r ∝ g¢Z%dfegpZ ∼ ÅJ´ È }fsZ%e ∼ ³kÅJ´ È }fsﬀY*Zebikcz¸uOZuOW}fh%]`e]bdÉuOZ\ihphZ©Ä_Ł ]`dfeN%g]bZ%cOg¥ukc
gik®duOZ?gLZngL]uk]xhphZ%\Z%dfel ∼ ³O´w´  rZph%e°uOZ?_ŁgukgLZTuOZH³wÖO´q  Ç ikd·ikdJhﬀ_xZph?gLbyk]bdJh#spZ%dfegik_xZphp
spZ%_acF]`s%]Zph%e0¦]bZ%d-}_acwh¤!ik]¦_xZ§m_Zph%eC]`d{{%g%]bZ%cOg©
³O´q
 Ç
ikduwikdJh_xZph ∼ ³O´ È }fs^spZ%dfegikcz
Y[Zebiw¦_xZikc¥ÎÑÆ-}gpphZ%dfeWZ_xZphik_xZ%cOgLh-uOZph
χ2
?_xZd\¦gLZ\ uOZuOZbykgLph-uOZ_a]¦%Z%geNphl£·Ê r
Z%eE_xZphik_xZ%cOgLhvuOZph
χ2
gLukcO]`enhpﬀk¦eWZ%dfch'}fcOg _Ł i¨ch%eWZ%\Z%dfe0uOZphvuOdfdpZph'}Jikg_xZphvuOZ%cz
\uOª%_xZph
uOps%g]`enhﬀ}_acwhtJikcOe2ﬀÊ0d}fZ%cFe?spdJh%e2ikeWZ%g^cfZ_xZphik_xZ%cOgLh^uOZph
χ2
gpukcO]`e`hhdfeEe£gLªph?}gpsptfZphuOZ^³
uwikdJh_xZph^uOZ%czsihY*Zph^uOZ%ckz\uOª%_xZphﬀ}fZ%g\Z%e£eWZ%dfe'uOds^uOZ¦]bZ%dÄgLZ%dukgLZsp\H}eNZuOZph^uOdfdpZph
hW}fZps%e£gik_xZphuOZ¥tJikdukgiuwikdJh^_xZphuk] #%gLZ%dfeWZph^gLbyk]bdJh%ecAuk]bpZph ﬀcOgsp\H}JikgLZ%gZ%dfe£gLZZ%cz_xZph
uk] #%gLZ%dfenh\uOª%_xZphEcFe]`_a]xhphp9dcwh?ikkdJhcFe]`_a]xh'cOdeWZph%e[uOZ ¤]xhptfZ%g#lsn
²
dfdZzFZ*rk
²
}Jikge]`gﬀuOZph
χ2
k¦eWZ%dfchikkZps#_Ł i¨cwh%eWZ%\Z%dfe}JikguOZ%cz-\uOª%_xZphuk] #%gpZ%dfe`hu[Ł cFdhW}fZps%e£gLZ Zz|e£gik]`eEu[Ł cFdZHgLbyk]bd
uOdfdpZp'dsik_xs%cF_xZspZ^cCŁdÄi%}w}fZ%_`_xZ cOdZT}gLk¦piw¦]`_a]`eW^u[Ł tO®p}fe`tfªphZ dfcF_`_xZ ×Zph%e_jiv}gLk¦piw¦]`_a]`eW
cCŁ cOdZikg]iw¦_xZik_xikeN]`gLZ
²
°h%cO]`ikdfe¤cOdZuk]xh%e£g]¦cOe£]bduOZe®}fZ
χ2ν(m)/χ
2
ν(m + 1)
h]`e°h%c¯}f%
g]bZ%cFgLZ©cOdZik_xZ%cOg uOdfdpZ E[o]EspZ%eeWZ'}gpk¦piw¦]`_a]`eWvZph%e9}fZ%e]`eNZ-l2_Ł tO®p}fentfªphZ#dfcF_`_xZ^Zph%ef!ikcwhphZWr
ik_xgLh_ji
gLukcs%e]bdh%]jykdf] «0sike]`kZukc
χ2
gLukcF]`eHZ%dfegLZ^_xZph^uOZ%ckz\uOª%_xZphp'uOn«Cdf]bZ?}Jikg
²
 

χ2ν(m)/χ
2
ν(m + 1)
dŁZph%e¤}Jih'{ge£cO]`eWZ#EZ%_jih%]jykdf] «0Z-cfZ_Łdik\%_a]bgLZ_Ł i¨ch%eWZ%\Z%dfeﬀ_xgLhcZ
         H	  
	
   Ò    
      	¢	   
	 
 

 
 







o
ﬃ










 
ﬃ










 


 

 


 
	

χ2 
 χ2ν χ
2 
 χ2ν 

"<$ "
+8-3/01
"
+
" "
/
$: "
+ 7/ +
"
+
$ "
/
$
.
$
/
"
6
"
/
$
5
5
$
5
$
5/4.
"
-5
"
/
$: "
-63/
: "
-
" "
/
$
+ ./
"<$
−2
"
/
$
1
1
$
5219+/47 5
$
6
"
/
"
1 55
$
/4. 5
$
7
"
/
$
7 13/
"<$
−4
"
/
$:
+
$
5ﬂ+813/
"
5
"
7
"
/
"
5 559-3/06 5
"<: "
/
$:
./
"<$
−4
"
/
$:
.
$
5
"<:
/4. 5
$
-
"
/
$
+ 5
""
/0- 5
$
6
"
/
$
5 13/
"<$
−2
"
/
$
1
7
$
5977/
$
57
" "
/
$
5 57./
"
57
$ "
/
$
5
$
/
"
7
"
/
$3"
"<$9$
19113/06 59-.
"
/
"
1 1185/06 59-9+
"
/
"
1
$
/019+
"
/
$3"
"
6
$
+
""
/4. 18.21
"
/
"<:
16
"
/4. 18.5
"
/
$
6 5/
"<$
−7
"
/
$
6
>@?BADC L
G ) J wBX%WgjtMb#Ma\OPX%f R8Q^OsWYX9R8k`Z\Q^OFd OtM[O Oxy WYQ 	<MZ DQ`dsd OtM[O Oxy WYQ 	<MZ

V^d OtM[O Oxy b e]^X2X%Z e
_ŁdRi¨{cFeWZcOd}Jikgik\ª%egLZ_a]¦gpZl2_xgLhcfZ-_ŁdRuk]`\^]`dfcZ_xZ-d\¦gLZuOZuOZbykgLphuOZ_a]¦%Z%geNWrkY*Z
\uOª%_xZT_xZE}_acwhsp\H}_xZzFZvlNikkZpsT_xZ}_achuOZE}Jikgik\ª%egpZWrZph%e¤\Z%]`_`_xZ%cOgﬀh%]  Zph%e°]`d{{%g]bZ%cOgLZ©´k´kÖ
ls%g]`eNª%gLZh%e2ikduwikgu%rkÊ0d}fZ%cOevspdJh%e2ikeWZ%g
cfZ
_Ł i¨{cOeu[Ł cOdS\uOª%_xZu[Ł%\^]xhph%]bdÛuOZspcOgikdfe uOZ
gLZngp]uk]xhphZ%\Z%dfeTik\%_a]bgLZh%]jykdf] «0sike£]`kZ%\Z%dfeﬀ_Ł i¨cwh%eNZ%\Z%dfe#uOZphuOdfdpZph
uwikdJh_xZph-gLbyk]bdJh-]`df
eNZ%g\uk]ik]`gLZphp\ik]xh^spZdŁZph%e[}Jih _xZsih©ykgikdugik®wdJEdf]uwikdJh _xZph³O´ spZ%dfe£gik_xZphuOZ_Ł ik\ih
m%_Zph%e0uOdsuk] És%]`_xZuOZ'}g]`]`_xbyk]bZ%gcFd\uOª%_xZ0}Jikggi%}w}fge0©_Ł ikcOegpZ'Ê0ddZ0}fZ%cOe?spds%_acOgLZp©
_Ł ik]uOZ-uOZphuOdfdpZph¬&hZ%cF_xZ%\Z%dfe`T©¢_ji}gLphZ%dspZ-u[Ł cOd¸\^]`_a]bZ%cÄ\^cO_ae]~}ftJihpﬀ\ik]xh
spZ^hsp%dikg]b
}fZ%g\Z%euOZgpZ%dukgLZ^sp\H}eWZuOZphuOdfdpZph#hW}fZps%egik_xZph
    	
 	 ﬀ  #         	             7   7   	

?cOgveWZ%df]`gsp\H}eWZuOZ_jiyOp\%eg%]bZ©
e£gL]xh^uk]`\Z%dJh%]bdJhvukcywi]`dfe£gik4ik\ihpE_xZphv\uOª%_xZph
uOZEhW}fZps%egLZphHdfe%eWTuOW}gLN¨{Z%eNph?Z%dcOe]`_a]xhikdfe9_ji'}gLspukcFgLZD   7^uOps%g]`eWZ}_acwhtJikcOe2 [d\uOª%_xZ
uOZ#e®p}fZ*    	\^cF_ae]~}_a]b}JikgHcOd!iOs%eWZ%cFgu[Ł iw¦%hg2}e]bduOdfe¤_xZE}Jikgik\ª%egpZuOZvsp_xdfdZ#uOZ%dJh%]`eW
%e2ik]`e_a]¦gLZ¢ihZ%g%]uOZ¥\uOª%_xZ¢u[Ł%\^]xhph%]bdÐukcywi¬vTÌ chdŁ ikkdJh^}Jih¥eWZ%dfc7sp\H}eWZp ]bs%]x
uOZ#_jispdfeg%]¦cOe]bdu[Ł cOd%kZ%dfecfZ%_*spcOgikdfeuOZ#gLZngL]uk]xhphZ%\Z%dfe]`dJtf\yOª%dZYŁZph%e]`\ike£]bd¢uOZph
}Jikgik\ª%e£gLZph'_a]¦gLZphTuOZph'\uOª%_xZph?i¨cwh%e2ikdfeikc\^]bZ%ckzv_xZph?uOdfdpZph0hdfeA}gpphZ%dfeWphTuwikdJh0_xZ?e2iw¦_xZikc
Î~Î
Y[Zph'}gLN«C_~hgiwuk]ikcz
uOZ eWZ%\H}f%gikecOgpZpuOZ \%e2ik_`_a]bs%]`eWZ%euOZ^sp_xdfdZ uOZ%dJh%]`eW#hdfe*}gLphZ%dfeWph
h%cFg _xZphC«ykcOgpZph?Î`³|¼jÎ`³w»
Z%eÎxÅJ´gLZphW}fZps%e£]`kZ%\Z%dfeb[Y*Zsp\H}fg%eWZ%\Z%dfeyO%d%gik_[uOZph'}Jikgik\ª%egLZph
ukc\uOª%_xZZph%eh%]`\^]`_jik]`gLZH©-spZ#cZT_Łdikik]`ek¦eWZ%dfc-hikdJhHuOW}gLN¨{Zps%e]bdhW}fZps%e£gik_xZ#uOZph#uOdfdpZph
Ê0dRspdJh%ebikeNZ^cFdZ
sptOcOeNZuOZ_jieWZ%\H}f%gikecOgpZkZ%gLh_xZspZ%dfe£gLZ-uOZ_Ł ik\ihpﬀiOspsp\H}JiykdpZT}JikgcOdZ
ikc|yk\Z%dfebike]bd7uOZ_ji\%ebik_`_a]bs%]`eNukcywiÄZ%ecOd¡ZzFspªphu[Ł iw¦%hg2}e]bdJvuwikdJh¢_ji¸\­%\Z¥gLbyk]bd
EZW}fZ%duwikdfen_xZphvik_xZ%cOgphuOZphﬀ}Jikgik\ª%e£gLZphhdfeﬀ¦%Zikcfspc¯}}_acwhuk]xhW}fZ%gLhpZphZ%e0_xZ%cOgLh]`dspZ%ge]`e£cJuOZph
hZ%dJh%]¦_xZ%\Z%dfe<}_acwhTykgikduOZph9Y§i?«ykcOgpZ0Î`³|¼\dfegpZ#cFdZ uOps%gp]xhphikdspZuOZ_ji-eWZ%\H}f%gike£cOgLZkZ%gLh
_xZTspZ%dfegLZﬀuOZ_Ł ik\ihFÌeWdJh}Jikg0ik]`_`_xZ%cFgLh_Łhs%]`_`_jike£]bd-uOZ_jiik_xZ%cOgeWZ%\H}f%gike£cOgLZ?ikkZps_xZ0gik®wd
ocFg _xZ?}gpN«C_uOZv\%e2ik_`_a]bs%]`eWp'd¸spdJh%e2ikeWZcFdZhs%]`_`_jike£]bduOZv_jiik_xZ%cFgukc-}Jikgik\ª%e£gLZikkZps_xZ
gik®d¤ŁZph%e_jiH}g]`ds%]~}Jik_xZHuk] #%gLZ%dspZikkZpsT_xZT\uOª%_xZﬀhikdJh#uOW}gpN¨{Zps%e]bdY*ZE}gLN«C_<uOZ sp_xdfdZ
uOZ%dJh%]`eNu[Ł tO®kukgLyOª%dZcO]`ik_xZ%dfeZph%e#cAikdfe#©_acO]ﬀe£gLªph^hZ%\¦_jiw¦_xZikc}gpN«C_k¦eWZ%dfchikdJheNZ%df]`g
sp\H}eNZ uOZ_ji^yOp\%e£g]bZ©e£gL]xhvuk]`\Z%dJh%]bduOZ _Ł ik\ih
     
N 	 ﬃ  y 		   	      
e2¦piw¦%hl±}gLN¨{s%el2\Z
È
ik_ rpr
 
ﬁ
  
	




)
 33


 



@ﬃ 


ﬃ
ﬁﬀ

P"<$
22

−2

ﬃﬂ
ﬀ
ﬂ  
$`"<$ $`"
1

1/46 +1.0
−0.8 $
/
$
55 +0.08
−0.08 "
/45
:
+0.79
−0.67
"<$
5
$ #"
1

5
:

5t/;7 +0.3
−0.2 $
/
$
52+ +0.05
−0.05 $
/4.96 +0.19
−0.13
5
$
1
$ 
5
: 
1-

1/0+ +0.3
−0.4 $
/
$3"
1 +0.06
−0.04 $
/ +8- +0.18
−0.15
1
$
+
$ 
1-

.5

.t/
"
+0.8
−0.7 $
/
$
79- +0.04
−0.07 $
/0-- +0.32
−0.26
+
$
.
$ 
.5
P:
.

+3/0+ +0.7
−0.5 $
/
$$
- +0.05
−0.06 $
/
:
. +0.20
−0.18
.
$
7
$ :
.

-
"

.t/
:
+0.6
−0.5 $
/
$3"
+ +0.04
−0.04 $
/011 +0.12
−0.13
7
$^"%$$ 
-
"!^"
1
"

.t/0+ +0.4
−0.3 $
/
$3"
7 +0.03
−0.02 $
/4.9- +0.11
−0.10
"%$$^"
6
$ #"
1
"
5912+

:
/41 +0.2
−0.3 $
/
$
5
"
+0.03
−0.03 $
/459- +0.03
−0.04
>@?BADC&L G0L
J  OedeacW*Mdea\X%f R8Q^ODjtMb#MWYk`debPQ^OsZca0O8bPQ^OFRHh _8f WYX9R8k`Z\Q R8Qmd 9j3Qmd OtM[O Oxy j8bPXe]`dxy WYQ 	%MZ e ﬁ
R8X%f8ftMf2d@Z\QlWYQ`acZcZ\Q`_8blM !_ OedPQ`WYQ`f2d@R8Q^OFOejQ^]`debPQ^OFQ ndeb#MacdPO@R8Q X2_8acd@bP[`T<a\X%f O@]^X%f ]^Q`f2debea\ﬂ_ Q^Ox

C L G+*?rHJ  bPX # Z3R8QFdPQ`Wgj[`b#Mde_8bPQﬀﬁ2R8[^R_8acdBR8QFZhiMftMZ OPQFOejQ^]`deb#MZ\Q@R8Q@bP[`T<a\X%f O ]^X%f ]^Q`f2debea\ﬂ_ Q^O
Q ndeb#MacdPQ^OlR8QSZh acW*MTQPQ RHh OQ`ZcZDzx~%|ﬀ*jX%_8bl_8foWYX9R8k`Z\Q(R8QSd 9j3QSd OtM[O Oxy j8bPXe]`dxy WYQ 	%MZ e  N Q^O
OtMbebPQ^O@RHh Q`bebPQ`_8bPOOPX%f2d t z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QUOe_8bsZIMSr%MZ\Q`_8bR8Q^OsjtMb#MWYk`debPQ^O 
  
 
     H	  
	
   Ò    
      	¢	   
	 

C L
Gh*FI
J  bPX # Z R8QUWY[`d#MZcZca\]`acdP[ﬀﬁ3R8[^R_8acd R8QUZhiMftMZ 9O#QSOPj3Q^]`deb#MZ\QSR8QqbP[`T<a\X%f Ol]^X%f ]^Q`f2debea\ﬂ_ Q^O
Q ndeb#MacdPQ^OlR8QSZh acW*MTQPQ RHh OQ`ZcZDzx~%|ﬀ*jX%_8bl_8foWYX9R8k`Z\Q(R8QSd 9j3QSd OtM[O Oxy j8bPXe]`dxy WYQ 	%MZ e  N Q^O
OtMbebPQ^O@RHh Q`bebPQ`_8bPOOPX%f2d t z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QUOe_8bsZIMSr%MZ\Q`_8bR8Q^OsjtMb#MWYk`debPQ^O 

C L
GIE2s
J  bPX # ZBR8QY]^X%Z\X%f8f Q R8Q`f OeacdP[ﬀﬁLR8[^R_8acdUR8QYZhiMftMZ OPQ Oej3Q^]`deb#MZ\Q*R8QYbP[`T<a\X%f OS]^X%f ]^Q`fﬃ&
debea\2_ Q^O Q n9deb#MacdPQ^O R8Q Zh acW*MTQ Q RHh OQ`ZcZzx~%|ﬀ@jX%_8b _8fqWYX9R8k`Z\QBR8Q d 9jQ d OtM[O Oxy j8bPXe]`dxy WYQ 	%MZ e 
N Q^O.OtMbebPQ^O@RHh Q`bebPQ`_8bPOOPX%fﬂdGt z
σ
y xv " R8Q ]^X%fﬃ#Mf ]^QqOe_8bsZIM(r<MZ\Q`_8bFR8Q^OFjtMb#MWYk`debPQ^O  
     
N 	 ﬃ  y 		   	     
 
    	     	  	   	    	 	       	 	  t      7 
Y[Zphhs%]`_`_jike]bdJhTuwikdJhﬀ_ŁZph%e]`\ike]bd¥uOZph?ik_xZ%cFgLhHuOZph°}Jikgik\ª%egpZph?_a]¦gLZphHukc\uOª%_xZ0hdfe[e£gLªph
spZ%ge2ik]`dZ%\Z%dfe_a]bpZph0©_ji#\%e`tfuOZ'uOZ0uOW}gLN¨{Zps%e]bduOZph'uOdfdpZph ﬀcOgk%g] «0Z%g'spZ%_jidcwh0ikkdJh
}gLspuO©}_acwh%]bZ%cFgLh eWZph%enhTºcFeu[Ł iw¦%guCdch ikkdJhZn#Zps%e£cfvuOZ%cz}gpspukcOgLZphu[Ł i¨cwh%eNZ%\Z%dfe
uk] #%gLZ%dfeNZph[Y§iv}gpZ%\^]bª%gLZspdJh%]xh%eWZ^©¥i¨cwh%eNZ%g_xZphv\uOª%_xZphuwikdJheWcFeWZph^_xZphgLbyk]bdJhh%]`\^cF_aebikd%
\Z%dfe°Z%e°uOdsH©\^]`df]`\^]xhZ%g'_xZ
χ2
h%cOgﬀ_ŁZ%dJhZ%\¦_xZTuOZph°}Jikgik\ª%egpZph'_a]¦gpZphfY9i hZpspduOZ}gpspukcOgLZ
spdJh%]xh%eNZ#©Zn#Zps%e£cfZ%gHcOd¢i¨ch%eWZ%\Z%dfeCuwikdJhT_jigLbyk]bd_jiH}_ach Zz|eN%g]bZ%cOgLZThZ%cO_xZp<}cO]xhuOZ'yOZ%_xZ%gT_xZph
ik_xZ%cFgLh#uOZph}Jikgik\ª%egLZph#_a]¦gLZph k¦eNZ%dfcwh
²
_xgLhThZ%cO_xZ%\Z%dfend^}gpspªuOZ#©^_Ł i¨ch%eWZ%\Z%dfeCuOZH_Ł ikdf
dZikc^iwu¨!iOspZ%dfe]`dfeN%g]bZ%cOgHlZ%deWZ%dikdfe[sp\H}eWZ0uOZph9}Jikgik\ª%egLZph0uOukcF]`e`h*}fcFg_jispcsptfZﬀZz|eW%g%]bZ%cOgLZ
uwikdJhE_ji\%e`tfuOZ0uOZﬀuOW}gLN¨{Zps%e]bdkrkJY§iHhZpspduOZ*}gpspukcOgLZlNcO]9Zph%espZ%_`_xZ'uOdfe_xZph0gLph%cO_ae2ike`hhdfe
}gLphZ%dfeNphﬀ}_acwhtJikcOe r
i
\dfe£gLvcFdZ^uk]`\^]`dfcFe]bdÄuOZph-hs%]`_`_jike]bdJhuwikdJh_xZphik_xZ%cOgLh^uOZph?}Jikgik
\ª%e£gLZph¤EZ%_jiH}fZ%cFehfŁZz!}_a]cfZ%g¤}JikgH_xZ!ik]`eCcZ?h%][_ji^eWZ%\H}f%gike£cOgLZp<}JikgZzFZ%\H}_xZpCZph%eh%cFgLZph%e]`\pZ
uwikdJhﬀ_jigLbyk]bdZz|eWZ%gdZpik_xgLh?_jispdfe£g]¦cOe£]bd¥cfZﬀ_ŁdivgLZ%e]`gLZ%gHuwikdJh'_jispcsptfZ']`dfeNZ%gdZ'hZ%gi
Z%_`_xZ-ikcwhph%]Eh%cFgLZph%e]`\pZCY§ispdJhcfZ%dspZuk]`gLZps%eNZuOZspZ%_jiZph%e?_jihch%Zph%e]`\ike]bduOZ_jieWZ%\H}f%
gike£cOgLZuwikdJh_jigLbyk]bd]`dfeWZ%g%dZTEZe£®p}fZu[ŁZ%ggLZ%cFghZ#}gLp}JiyOZ%]uOZ%\^\Z%dfe'kZ%gLh_xZspZ%dfegLZuOZ
_Ł ik\ihp*yO%d%gikdfe¤_xZphhs%]`_`_jike£]bdJh k¦%hZ%gkpZph§YŁ iOs%e]bduOZTyOZ%_xZ%g^lNuOZ«[zFZ%g2rvh%cfspspZphph%]`kZ%\Z%dfe°_xZph
}Jikgik\ª%e£gLZph_a]¦gLZphk¦eWZ%dfch uwikdJh_xZph gLbyk]bdJhZz|eNZ%gdZph_a]`\^]`eWZspZph^Z%ggLZ%cFgLh

C L
GIE *J bPX # Z\O(R8QYdPQ`Wgj[`b#Mde_8bPQ^O(XeO8dPQ`fﬂ_ OgM^rQ^] Z\QYWYX9R8k`Z\Q d OtM[O Oxy j8bPX{]`dxy WYQ 	<MZ e 	(2_8b
Z\Q^OmT<b#Mj5X Q^O ﬁOPX%f2d Oe_8j3Q`bejX<OP[^OZ\Q^Omj8bPX # Z\O Q n9deb#MacdPOlR8Q(OPX%_ OlQ`f OPQ`W O8Z\Q(R8Q^OlR8X%f8f [^Q^O} 
beaIMf8T<Z\Q
rQ`bPO Z\Q.OtM%O Q`d deacbPQ`dPO <WYX%acdea\[FOP_ RYR8QsZhiMW*M%O} 
beaIMf8T<Z\QrQ`bPO ZIM RbPX%acdPQFQ`d j3X%acf2dPO &deacbPQ`dPO WYX%acdea\[
f X%bPR R8QNZhiMW*M%Ox dPX%acZ\Q^O Q`d jX%acfﬂdeacZcZ\[^O  j8bPQ`Wga\k`bPQ WYX%acdea\[pR_ dPQ`Wgj O R8QNjX<OPQ< mb#Mj3Q}M_n
Q`dqj3X%acf2deacZcZ\[^O &deacbPQ`dPO 
OPQ^]^X%f R8QYWYX%acdea\[ R_ dPQ`Wgj OSR8QgjX<OPQ< 
beaIMf8T<Z\Q^OSrQ`bPOqZIM RbPX%acdPQ*Q`dUZcacT<f Q
]^X%f2deacfﬂ_ Q Zh Q`f OPQ`W O8Z\QUR8Q^O@R8X%f8f [^Q^O@R Mf OFZ\Q^OFRa[`bPQ`f2dPOMf8f Q}M_n y ]^X%WgWYQqR Mf OFZ\Q ]}M%O U &   
?cOgvhfŁ ihph%cOgpZ%gcfZspZ%eZn#Z%eﬀdŁ%e2ik]`e°}Jih-u#"Ä©cOd¢}gLk¦_xª%\Zk¦%hZ%gike£]bdfdZ%_~dcwh-ikkdJh
hW}JikgLeNcOeWZph _xZphgLbyk]bdJhu[ŁZz|e£giOs%e]bduOZphhW}fZps%egpZphl2_xZphikdfdZikckz!rZ%duOZ%ckz}Jikge]bZphvÕ*Ì gu¥Z%e
ocAuwfo§W}Jikgikdfe*ik]`dJh%]_xZph'uOdfdpZphTZ%duOZ%ckz gLbyk]bdJh?uk]xh%e]`ds%eNZphpdchﬀikkdJh?i¨cwh%eN0_xZ'\­%\Ze£®p}fZ
  
 
     H	  
	
   Ò    
      	¢	   
	 

C L
GIEtEHJ  bPX # Z\OgR8QYdPQ`Wgj[`b#Mde_8bPQ^OgXeO8dPQ`fﬂ_ OgM}rQ^] Z\Q WYX9R8k`Z\Q*d OtM[O Oxy j8bPXe]`dxy WYQ 	<MZ e qN Q^O
W
	`WYQ^OFf X%d#Mdea\X%f O2_ Qlj3X%_8bsZIMﬂ# T<_8bPQRS VUz OPX%f2dF_8deacZca\OP[^Q^O}
uOZ\uOª%_xZuwikdJhsptJiOs%cFdÏuOZph^³O½uOZ%\^]`4ikdfdZikczY[ZphvgLph%cF_aebike`hvhdfe}gLphZ%dfeNph h%cOg_xZph«ykcOgLZph
ÎxÅO³Z%efÎxÅwÅO[Ê0d}fZ%cFe9k]`g0cZ_xZph?hs%]`_`_jike£]bdJh0i%}w}Jikgik]xhphZ%dfe*uwikdJhE_xZph?uOZ%cz gLbyk]bdJh0Õikc Ìgu
Z%e0ikcocJuw*Y*Zph^hs%]`_`_jike£]bdJhThZ%\¦_xZ%dfeuOds ¦]bZ%dÄ­%e£gLZvikee£g]¦cfpZphvikc\uOª%_xZ uOZvuOW}gpN¨{Zps%e]bd
ÌcwhikkdJhbywik_xZ%\Z%dfehW}JikgL¢_xZphuOdfdpZphhW}fZps%egik_xZphZ%d¸}gLspuwikdfe©¸_ŁZz|egiOs%e]bd uOZph
hW}fZps%e£gLZphE}fcFg_ji}gLZ%\^]bª%gLZvZ%eC_jihZpspduOZ#\]`e£]b ukc¥eWZ%\H}fh uOZ}fhZeNebik_j*Y*Zphi¨cwh%eNZ%\Z%dfe`h ukc
\uOª%_xZ#h%cOg^spZphv³O½^gpbyk]bdJh^spdukcO]xhZ%dfe0Z%ckzikcwhph%]©cOdZ^hs%]`_`_jike£]bduwikdJh _jiik_xZ%cFguOZph'}Jikgik
\ª%e£gLZph^Zph%e]`\php'sp\^\Z _xZ\dfe£gLZ_xZphC«ykcFgLZphTÎxÅO³OZ%e[ÎxÅwÅOﬀEZ dŁZph%e0uOds'}JihcFdZn#Z%eu#"©
_Ł iOscF]xh%]`e]bduOZphuOdfdpZph[Y*Z?}gLk¦_xª%\Z^Zph%eChikdJh^uOcOeWZv_a]b©_jiyOp\%e£g]bZvuOZ_ji-hcFgLspZ%e£cO
uk]bpZEdZn#Z%en[_xZT\uOª%_xZTuOZHuOW}gLN¨{Zps%e]bdh%c¯}w}fhZﬀcOdZﬀh%®\%eg]bZ'hW}ftf%g]cZ
²
¦%Z%_`_³AÁ¯»wÖ[dcwh
_Ł ikkdJhcwvZph%ecOdÉik\ihe£gLªph}Jikge]bs%cF_a]bZ%gsikgiOs%eW%g]xhv}Jikg_ji}gpphZ%dspZ
u[Ł cOdZ
_xdOykcfZh%eg%cfs%
e£cOgLZH«C_jik\Z%dfebik]`gLZZ%d¸hd¹spZ%dfegLZ0Y§iuOW}gpN¨{Zps%e]bdRu[Ł cOdÛ\uOª%_xZu[Ł%\^]xhph%]bdÏhW}ftf%g]cZ-dŁZph%e
uOds}JihspdfkZ%diw¦_xZﬀÌ eNdJhspZW}fZ%duwikdfecfZ¢_xZphhs%]`_`_jike]bdJhuOZph¥ik_xZ%cOgLh¢uOZph^}Jikgik\ª%egLZph
i%}w}Jikgik]xhphZ%dfeH_x]`dÛukcSspZ%dfe£gLZpH_j© Ï_ŁdhfŁ ikeeNZ%du©ÏspZcfZ_Ł ik\ih-dZ }gLphZ%dfeNZ }Jihu[Łpsikge
deN]`gLZikkZps^cOdZ%\^]xhph%]bdh%c}w}fhpZ©yOp\%e£g]bZvhW}ftf%g]cfZTEZgLph%cO_ae2ike0h%ckyyOª%gLZuOdscfZ
_xZ#ywi-©
_Ł ]`dfeN%g]bZ%cOg^uOZphvÅJ´w´
È
}fs-spZ%dfegikckzl2_xZgik®wdÏuOZgLZngL]uk]xhphZ%\Z%dfe r}fcOggik]`e[}gpphZ%dfeWZ%g
uOZph
]`dJtf\yO%d%]`eWph¥uOZeNZ%\H}f%gikecFgLZ¢cO]#e£giwukcO]xhZ%dfeuOZ!i%$d¹]`\H}_a]bs%]`eWZ
_jiÄdd¹ik_a]uk]`eW¥ukc
\uOª%_xZHuOZ#uOW}gpN¨{Zps%e]bd©h%®\%eg]bZThW}ftf%g]cfZÌeWdJhbywik_xZ%\Z%dfe°cZT_ŁZph%e]`\ike£]bduOZphC}Jikgik
\ª%e£gLZphuwikdJh _xZphgpbyk]bdJh^Zz|eWZ%gdZph¤¨{cfZ cFdg  _xZ'}g]`\guk]ik_§_xgLhcZ _Łdi%}w}_a]cfZ_ji\%e`tfuOZ
uOZuOW}gLN¨{Zps%e]bd  *dZ^\ikcOik]xhZZph%e]`\ike£]bdÏuOZ^_ji¥eNZ%\H}f%gikecFgLZ©-ykgikdu¥gik®dhZ#}gLp}JiyOZ%gi
uwikdJhT_xZph?dZphT]`dfeN%g]bZ%cOgLZph9Y*ZE}gLk¦_xª%\Z}fcFggik]`euOdsTkZ%df]`guOZspZ%e£eWZ\ikcOik]xhZZph%e£]`\ike]bd
ÌcwhHikkdJhTik_xgLh?gLZuOn«Cdf]*uOZph?gLbyk]bdJhTu[ŁZz|egiOs%e]bd¦%Zikcfspc¯}^}_acwh'hZ%ggLpZphlNÖhZpspduOZphTu[Ł ikgLsWr
ikcFeWcOgHuOZ?³kÅJ´
È
}fslZ%dfe£gLZT³ÎÖ^Z%e°³AÁ´#hZpspduOZphﬀu[Ł ikgLsWr0}fcFgﬀeWZ%dfeNZ%gTuOZ?\^]bZ%cz^uOn«Cdf]`g'_jieWZ%\H}f%
gike£cOgLZHuwikdJh'_jivgLbyk]bd_jiﬀ}_acwhﬀ_x]`dfebik]`dZp*\ik]xhﬀ_xZph#Zn#Z%e`hTu[Łhs%]`_`_jike]bdJhhdfe*eNc¨{cOgph¤}gLphZ%dfe`h
Ìcwh-ikkdJh-bywik_xZ%\Z%dfeﬀi¨ch%eWcOd\uOª%_xZuOZe£®p}fZ     	ikkZps^cOdZsp_xdfdZ^uOZ%dJh%]`eN'«[zFpZ©
_jiik_xZ%cOgﬀywik_jiOs%e]cZuwikdJhspZph#gpbyk]bdJhZz|eNZ%gdZphY*Zphik_xZ%cOgphuOZ_ji-eWZ%\H}f%gike£cOgLZikg]bZ%dfeik_xgLh
     
 
	     
Z%dfe£gLZ½k`Ö¸Z%eÁ¯`Ö
È
ZJË×Z%dfegpZ³ÎÖ¸Z%e³AÁ´¢hZpspduOZphu[Ł ikgLs EZ%_ji]`_`_ach%egLZ_jiÏuk] És%cO_aeNuOZ¦]bZ%d
Zph%e£]`\Z%g_jieNZ%\H}f%gikecFgLZ _x]`dukcspZ%dfe£gLZ
²
¦%Z%_`_[³AÁ¯»wÖdŁZph%e*}Jih _xZhZ%cO_[ik\ih'}fcFg _xZcZ%_spZ^sp\H}fgeWZ%\Z%dfe0i%}w}Jikgi`e`\ik]xh eNcwh_xZph
ik\ih¥ikdik_a®hph¥ikkZps_ji\%entfuOZuOZuOW}gLN¨{Zps%e£]bd    7dZ}gLphZ%dfeWZ%dfe}Jihu[Łhs%]`_`_jike]bdJh
lﬃﬂJ°o<ikduOZ%gLhp¤Y° Ë]jykeTsp\^\^cFdf]bsike]bd}g]`kpZWrk0EZphhs%]`_`_jike£]bdJh'}fcOggik]bZ%dfe'uOdsvgL%kª%_xZ%g _ji
}gLphZ%dspZ?u[Łpsikgenh?©vcFdZEyOp\%eg]bZ0hW}ftf%g]cZHZ%e*hZﬀegLcFkZ%g#Z%d¢­%egLZTuOZH¦%dJhﬀ]`duk]bsikeWZ%cFgLh l£hcwh
gLphZ%g%kZ cZ _xZph0}Jikgik\ª%egLZphuwikdJh_xZph0}Jikge]bZph^Zz|eNZ%gdZphuOZphvik\ihTh]bZ%dfe0¦]bZ%dÄZph%e]`\phWrk
  
	E,9$	
 [dZikdik_a®hZ?hW}fZps%e£gik_xZ uOZph uOdfdph'¬ u[Ł
²
¦%Z%_`_9³AÁ¯»wÖ-i
%eW0}gLphZ%dfeNpZCÍ0gÃOspZ©-_jitJikcFeWZgL%
h_acFe]bd
hW}Jike£]ik_xZuOZtJikdukgi°_xZphE}gLN«C_~huOZ#eNZ%\H}f%gikecFgLZp¤\%ebik_`_a]bs%]`eWpsp_xdfdZuOZ%dJh%]`eNpe2ikcz
uOZuOW}fh%]`e]bduOZ^\ihphZ-dfe°}c­%e£gLZuO%g%]`kph°Ìcwh-ikkdJh-sp\H}Jikgp^uOZ%cz¢e£®p}fZph-uOZ\uOª%_xZph
º<cOe°u[Ł iw¦%guvcOd\uOª%_xZHuOZ?hW}fZps%egLZphp¤%\^]xh¤}JikgTcOd-ywi©cFdZTeWZ%\H}f%gikecOgpZTcOdf]cZ#©cOd¥gik®wd
uOdfdpCi
%eN%e£cJuk]b§m%_§uOdfdZcOd¦%di¨ch%eWZ%\Z%dfeEuOZph uOdfdpZphCEZ\uOª%_xZ\Z%e0Z%d%]uOZ%dspZ
_jiuOps%gL]xhphikdspZﬀuOZ'_jieNZ%\H}f%gikecFgLZ?kZ%gLhﬀ_xZ#spZ%dfegLZTuOZﬀ_Ł ik\ihp*cF]Zph%e¤sikgiOs%eN%g]xh%e]cZ?uOZﬀ_jiﬀ}gL%
hZ%dspZﬀu[Ł cOd¥spcOgikdfe[uOZ'gLZngL]uk]xhphZ%\Z%dfe29EZ%eeNZTsptOcFeWZTuOZ_ji eWZ%\H}f%gike£cOgLZ?ukcywiﬀ]`dfegik4ik\ihTZph%e
iOspsp\H}JiykdpZ'}JikgvcOdZikckyk\Z%dfebike£]bdÄuOZv_ji\%ebik_`_a]bs%]`eNZ%e?uOZv_jisp_xdfdZuOZ%dJh%]`eWcF]`ik_xZ%dfeWZ
uOZ#ywi-iw¦%hg!¦pikdfe'ikcspZ%cFguOZ_Ł ik\ih'EZ%_ji}fZ%cFehfŁ ]`dfeNZ%g2}gL%eNZ%gsp\^\ZuOZphh%]jykdZphuOZ_ŁZz|]xh%
eNZ%dspZHuOZ0ywi#gLZngL]uk]x¤si%}Jiw¦_xZHu[Ł iw¦%hg¦%Z%gﬀ_xZTgik®dfdZ%\Z%dfe[e`tfZ%g%\^]cfZHuOZT_Ł ik\ihZ%eCu[ŁZ%dfg]bsptO]`g
_xZ \^]`_a]bZ%c¢]`dfegik4ik\ihZ%d\%e2ikczv}Jikg _Ł ]`dfeWZ%g\uk]ik]`gLZvuOZ _ji#{g\ike]bdu[Ł%eN]`_xZph9m_[iZ%dJh%cF]`eWZ
%eN
i¨{cOeNcFdÛ\uOª%_xZu[Ł%\^]xhph%]bdRihphs%]bpZ
©_ji}gpphZ%dspZ
u[Ł cOdÐspcOgikdfeuOZgLZngL]uk]xhphZ%\Z%dfe
]xhk¦pikgLZ-lsfŁZph%e'©uk]`gLZ^©}gLZphph%]bdÏspdJh%ebikdfeNZ©cFdgik®dÄuOdfdWrikcwhph%]Ei%}w}fZ%_x^spcFgikdfeﬀuOZgLZ%
gL]uk]xhphZ%\Z%dfe?]`dJtf\yOª%dZp?uwikdJh_xZ^hZ%dJh¥ spZ\uOª%_xZe£]bZ%dfesp\H}eNZuOZ-_Ł%\^]xhph%]bdukcywi
hZgLZngL]uk]xhphikdfe°¨cwhcCŁ ©e£gLªph¥¦pihphZeWZ%\H}f%gikecOgpZ©cOd¹gik®d¹uOdfdl2\­%\Z_x]`dSukcÉspZ%dfegLZ
uOZ
_Ł ik\ihWrk EZ\uOª%_xZuOdfdZ
_acF]ikcwhph%]HcOdÐ¦%dÐi¨cwh%eWZ%\Z%dfevuOZphuOdfdpZph'Y§isptOcOeNZ¥uOZ_ji
eNZ%\H}f%gikecFgLZ-kZ%gLh-_xZspZ%dfegLZ
uOZ_Ł ik\ih
Zph%eE}_acwh¦g%cOebik_xZcfZuwikdJh-_xZsih}gLpspuOZ%dfenT\ik]xh-_ji
eNZ%\H}f%gikecFgLZspZ%dfegik_xZ_ji}_acwhv¦pihphZvZph%eukc\­%\ZgukgpZ uOZHykgikduOZ%cOg!H *dZikc|yk\Z%dfebike]bdÄsik
giOs%eN%g]xh%e]cZHuOZ?_ji\%ebik_`_a]bs%]`eNHuwikdJh?_xZphTÆF´
È
}fsspZ%dfegikckzZph%e_j©Z%dspgLZ?\^]xhZZ%d¢%]uOZ%dspZ 0ikg
ik]`_`_xZ%cFgLhpﬀdspdJh%e2ikeWZcFd{geTZzFspªphu[Ł iw¦%hg2}e£]bdÄuwikdJh_jigpbyk]bdspZ%dfegik_xZp?Z%df]`gLdcOdgukgLZ
uOZ0ykgikduOZ%cOgHikcuOZphph%ch#uOZH_Ł iw¦%hg2}e£]bdywik_jiOs%e]cZ<Y*Zphsp_xdfdZph#uOZ%dJh%]`eNcO]`ik_xZ%dfeNZph#uOZ0ywi
uO%g]`kpZphThdfesp\H}Jike]¦_xZphikkZps#_xZ°!ik]`ec¤Ł cFdZﬀykgikduOZ cJikdfe£]`eW uOZ#\ihphZik]`e§}c¢­%egpZ uOW}fhpZ
ikcspZ%dfegLZvuOZ _Ł ik\ih[o]¤_xZHywivgLZngL]uk]¤dZC{g%\Z}Jihvu[Ł%eN]`_xZph©cOde2ikczv}_ach gi%}]uOZcfZ_xZ
e2ikczuOZHuOW}fh%]`e£]bd¥uOZ?\ihphZpik_xgLhT]`_k}fZ%cOe[hZs%gLpZ%g?cOdgLphZ%g%k]`gHuOZ?\ike]bª%gpZ*gL]uOZ#ikc¥spZ%dfegLZ
uOZT_Ł ik\ihY[ZTebikckz-uOZ#uOW}fh%]`e£]bduOZT\ihphZH©^_Ł ]`dfeN%g]bZ%cOg#ukcgik®wduOZHgLZngL]uk]xhphZ%\Z%dfe¤Zph%eCuOZ
_ŁgukgpZuOZ ∼ ³wÖO´q  Ç ikdspZcO]Zph%e0Z%df]`gLduOZ%cz?{]xh#\]`dJh?ykgikducfZ_xZebikcz
uOZuOW}fh%]`e]bd
uOZ\ihphZuOukcF]`eEuOZphk¦%hZ%gike]bdJh
²
o[
²
}Jikg
²
_`_xZ%dZ%eEik_jl2ÅJ´w´k³%rk9Y*ZebikckzuOZuOW}fh%]`e£]bduOZ
\ihphZvZph%euOdsgLukcF]`eb*Y§iik_xZ%cOg uOukcF]`eWZ ]bs%]EZph%e°hZ%\¦_jiw¦_xZ ©_ji-ik_xZ%cOg uO%g]`kpZ0}Jikgºik\^cOgi
Z%eik_jl2ÅJ´w´k³%rikkZps¬q¥q¢bÌZ%Ú¤eWd ﬀZ%\ikgcdJh¥Z%d{«CdÛcZuwikdJh_xZph
³O´ spZ%dfegik_xZphp#_xZe2ikcz
uOZvuOW}fh%]`e£]bduOZ \ihphZ^Zph%eegpªphC!ik]¦_xZvÕ°]`_Zph%eE]`d{{%g%]bZ%cOg© ∼ ³O´q  Ç ®gEd{«CdJ_Ł i%}w}_a]bsike]bd
u[Ł cFd¸\uOª%_xZuOZuOW}gpN¨{Zps%e]bduOZphuOdfdpZphhW}fZps%egik_xZph#}fcOgeWZ%df]`g
sp\H}eNZ-uOZ_ji
yOp\%eg]bZ©
e£gL]xhuk]`\Z%dJh%]bdJhuOZ_Ł ik\ihispdukcF]`eT©¢uOZph-hs%]`_`_jike£]bdJh^uwikdJh^_Ł%ik_acJike]bduOZphT}Jikgik\ª%egLZph
cZ0dch?ike£eg]¦cdJh#ZphphZ%dfe]bZ%_`_xZ%\Z%dfe*©cOdZﬀ\ikcOik]xhZ'gLZW}gLphZ%dfe2ike]bd
uOZ'_jiHyOp\%eg%]bZﬀu[Ł
²
¦%Z%_`_
³AÁ¯»wÖ}Jikg_xZ \uOª%_xZ
  

     H	  
	
   Ò    
      	¢	   
	 
  	
 
     
   & '&   !  ﬁ "# 
!#     
'! 
(
;CBEDF69BEDF8
JHG+*  /5Ykbc]K:<Y[/5nqpq@+8 6q8;= -0Za1 @d4k4k@+]K^`6&i`:K/	 13]\=+ZA_Aiq=+/2@dY[8
 YT]\@d6G(GgG(G(GgG3*FsKI
cz<cz
%
wzcU~    q       q        q        q zcw<|
cz<VU N
Q^OsbP[^Oe_8Zcd#MdPORHh "  "    q        q        q z<z<z
JHG\E PDq4c8aY5/?bk@+]K^94C@h^\bc8AY
 ZaYT]\13Z bcYe@ i	8a4gGgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG3*<*8E
VUcz N h XeO OPQ`ber<M[O8Z\Q acfﬂdPQ`b  [`bPX%WY[`debea\ﬂ_ Qq        q        q z<z S
VUVU N M(O 9fﬂd X k^OPQ RHh X%_8rQ`bede_8bPQ   q        q        q z<zx~
VUVM wBX%f Oedebe_ ]`dea\X%f R8Q^OFacW*MTQ^O   q        q        q z<zcv
JHG
)
PDq4c8aY5/?bk@+]K^94 6&i`_ 8F^\bcYT8 698;= -0/21/54CBCD 8a=h=G*2H?I\J G(G(GgGSG(GgG(G(GgG3*<*?I
VMcz wDMb#M%]`dP[`bea\Oedea\ﬂ_ Q^OR8Q ZIM(]^X%fﬃ# T<_8b#Mdea\X%foXeO O#Q`ber%Mdea\X%f8f Q`ZcZ\QU] X X%a\Oea\Q q z<z}|
VMVU   ew N  &BwBX%Z\R WYX%Z\Q^]`_8ZIMbacf$ OQ`ZcZ zx~%|ﬀ &y acf j8bPQ`j     q zcUxU
VMVM a\O#]`_ OPOea\X%f   q       q        q        q zcMz
JHG L  ]K^9_A=hi	4T@d]\^	4 G(GSG(GgG(G(GgG(GSGgG(G(GgG(G(GSGgG(G(GgG(G(GgGSG(GgG(G(GgG3*
)

  <       	       
         ¥	  H   	 
	(  

²
cSspZ%dfe£gLZuOZphik\ih¥uOZywik_ji{z|]bZph¥ikkZps
cOd spcOgikdfe uOZgLZngp]uk]xhphZ%\Z%dfe`H_Ł iw¦%hZ%dspZuOZywi©
uOZpheWZ%\H}f%gikecOgpZph]`d{{%g]bZ%cOgLZph-© ∼ ³
Ç
ÆSº
ext ∼ ³kWÅ È ZJË×l Ðº ext Zph%e?_ji¢eNZ%\H}f%gikecFgLZukc¢ywi
]`dfe£gik4ik\ih
©Ä_ŁZz|eW%g%]bZ%cOg¥ukcgik®dÐuOZgLZngp]uk]xhphZ%\Z%dfeari%eN
gp%k%_xpZ}Jikg
_xZphgLpspZ%dfeNZphk¦
hZ%gike£]bdJhuOZﬀ¬#qq¢bÌ Z%Ú¤eNdEZ#gLph%cF_aebiken¤]`dike£eWZ%dukc<}fhZ_ji-cZph%e]bduOZ#_ŁZz|]xh%eNZ%dspZH\­%\Z
uOZ-ywi¢gLZngL]uk]ikcÐspZ%dfegLZ¢uOZspZphik\ihuOZywik_ji{z|]bZphﬀ· ikdJh_xZ¥\­%\ZeWZ%\H}fhp_ji¸uOpspcFkZ%geWZ
uOZywi\_xps%cF_jik]`gLZ%\Z%ee2ikdfe©ÅO½\^\ \dfe£gLZ¥_ŁZz|]xh%eWZ%dspZ¢u[Ł cFdZ}ftJihZ¢uOZywie£gLªph gL]u
ikc7spZ%dfegLZuOZphik\ihE\^\Z%dfeviOspspguOZ%g¥_xZphgLph%cO_ae2ike`huOZph
tJikcOeWZphÄ%dZ%g£yk]bZph¢ikkZps¥_xZphuOdf
dpZphT\^]`_`_a]`\%e£g]cfZph 0cfZ%_`_xZZph%e°_Łg]jyk]`dZ#ukcywi\_xps%cF_jik]`gLZT\^]xhZ%d%]uOZ%dspZ Cm%_9Zz|]xh%eNZuOZ
d\¦gLZ%chZph Zz!}_a]bsike£]bdJh}fhph%]¦_xZphﬀºcFeu[Ł iw¦%gu°_xZ?ywi \_xps%cO_jik]`gLZ}fcOggik]`e0­%egLZu[Łg]jyk]`dZ
ywik_jiOs%e£]cfZ9Y*Zph \ihphZphuOZHywi%C\^]xhZphvZ%dÏ%]uOZ%dspZikkZps_xZeW%_xZphspp}fZuOZ ÆF´\ uOZ_Ł m`
²
q¥dZ
hdfeE}Jih¢Z%dÉspdfegiwuk]bs%e]bdSikkZps
_xZph\ihphZphuOZywiuO%eWZps%eNpZphuwikdJhuOZph^ywik_ji{z|]bZph¥Z%_`_a]~}e£]cfZph
h%e2ikduwikgu 	
]
È
_a]`du¢Z%e'ik_jﬀlN³w»w»wÖ%rk0ikgvik]`_`_xZ%cFgLhp]`_i%}w}Jikgi`e0cZv_xZT}ftf%d\ª%dZvuOZspcOgikdfeﬀuOZ
gLZngp]uk]xhphZ%\Z%dfe[dZ}cO]xhphZ­%e£gLZTh%]`\H}_a] «0ikchZ%cO_gpZngL]uk]xhphZ%\Z%dfegiwuk]ike] #ukcywisptJikcJuw·Zph
\psikdf]xh%\ZphTuOZsptJikcTiyOZHiyk]xhphZ%dfespZ%ge2ik]`dZ%\Z%dfeikc¥spZ%dfegLZ#uOZphik\ih¤}fcOgspdfe£gLZ¦pik_jikdspZ%gﬀ_xZ
gLZngp]uk]xhphZ%\Z%dfebY*ZphH}ftf%d\ª%dZphuOZ^gLpsptJikc#Z%\Z%dfeﬀukc¥ywilspdukcfs%e£]bde`tfZ%g%\^]cfZp
²
ÍEÌ?
duOZphhdgpZphWrhZ%gik]bZ%dfe£W]`_~hik_xgLhsi%}Jiw¦_xZphuOZ h%eNp}w}fZ%gsp\H}_xª%eNZ%\Z%dfeE_xZgLZngL]uk]xhphZ%\Z%dfe0gik
uk]ike£] ukcÏywi Y*Zphuk] #%gLZ%dfe`hhsp%dikg]bh¥iOs%ecZ%_`_xZ%\Z%dfespdJh%]uO%gLphpdZhdfe'}JihZ%d¹\Zph%cOgLZ
u[Ł ikggp­%eWZ%gsp\H}_xª%eNZ%\Z%dfeﬀ_xZgLZngL]uk]xhphZ%\Z%dfe2TtJikc%TiyOZ
Z%e?gLZngp]uk]xhphZ%\Z%dfe0hdfeTe£gLªph}gLk¦pik
¦_xZ%\Z%dfe§]`dfeWZ%g%\^]`eeWZ%dfenhp§_jik]xhphikdfe[ikc ywi?_ji}fhph%]¦]`_a]`eNﬀuOZEhZ0gpZngL]uk]`g¨cwhc¤Ł ©vuOZph'eWZ%\H}f%gike£cOgLZph
e£gLªph^¦pihphZphpE\ik]xhgLukcO]xhikdfe_xZphve2ikczuOZ^uOW}fh%]`e£]bdÄuOZv\ihphZpE_xZphgLZ%duwikdfe?sp\H}Jike]¦_xZphikkZps
_xZph
k¦%hZ%gike£]bdJhZ%d7'Êﬀ *dZik_aeNZ%gdike]`kZ}fhph%]¦_xZZph%eik_xgLhcZ_xZywi
©cOdZeNZ%\H}f%gikecFgLZ
uOZ ∼ ³kWÅ È ZJËdZHh]`e}Jih iw¦%hZ%dfe`\ik]xh}_acOe eCdduO%eWZps%eWlN©
sikcwhZ uOZE}ftf%d\ª%dZph#uOZ\%
_jikdOyOZpc¦]bZ%duOZ\%ebik_`_a]bs%]`eW]`dJtf\yOª%dZpcZ%dspgLZ©sikcwhZu[Ł cOdZ]`\H}fge2ikdfeWZ iw¦%hg2}e]bd
}Jikg-cOdÉsp\H}fhikdfe}_acwhHgL]uuOW}fh }Jikg_xZTÙ?eark'Y*Z^ywi#gL]uuO%eNZps%eW }fcFggik]`eik_xgLh­%e£gLZ
uk]`gLZps%eNZ%\Z%dfeC]xhph%cukcspcOgikdfe0uOZ gLZngL]uk]xhphZ%\Z%dfeb
·ikdJhﬀ_Łk¦£¨{Zps%e] Tu[Łps%_jik]`gpZ%gHspZphHcfZph%e]bdJhpuOZphk¦%hZ%gike£]bdJhﬀ]`dfeWZ%g`{%gL\%e£g]cfZphTuwikdJh?_xZHuO
\ik]`dZT\^]`_`_a]`\%e£g]cfZdfe%eWE}gLp}fhpZphikc E_jikeNZikc¥uOZ?¾ﬀcOgLZlnm^
²
q-r_ji
spdfdik]xhphikdspZHuOZ#_ji
\g2}ftf_xyk]bZukc-ywi¤gp]uZ%eEuOZHhi-uk®dik\^]cfZ}fcOikdfeuOdfdZ%guOZphspdfe£gik]`dfeWZph°{geNZphcAikdfe
©¥_Łg]jyk]`dZ^ukc¥ywi\_xps%cO_jik]`gpZYŁ%e£cJuOZu[Ł cOdRsihT}Jikge£]bs%cO_a]bZ%gL
²
¦%Z%_`_¤³AÁ¯»wÖdcwhi%}w}fgeNZ-Z%d
Zn#Z%e uOZd\¦gLZ%chZph]`d{{g\ike£]bdJhh%cFg_ji}_jiOspZukcÄywigL]uuwikdJh
_xZphspcFgikdfe`huOZgLZngL]`
uk]xhphZ%\Z%dfe2¤·ikdJhcOdZ}gpZ%\^]bª%gLZ}Jikge]bZp?dchﬀ{Z%gLdJhcOdS%e2ike#uOZph_a]bZ%ckzuOZph
k¦%hZ%gike]bdJhZ%d
]`\iyOZ%g]bZ©e£gikkZ%gLh_xZphvgik]bZphvuOZ'Ê Zz|]xh%e2ikdfeWZphv©spZ¨{cFg!EcF]xhpEdcwhvgi%}w}fZ%_`_xZ%gLdJh_xZphﬀ}g]`df
s%]~}fZph0uOZ0_Ł ]`\iyOZ%g]bZ*}Jikg0]`dfeWZ%gn{%gL\%eg]bZ'ik]`dJh%]cfZ0_ji}gLspukcFgLZ'uOZ0gLukcfs%e£]bduOZphﬀuOdfdpZphFY*Zph
sikgiOs%eN%g]xh%e]cZphH]`dJh%e£gcO\Z%dfe2ik_xZphuOZ_Ł ]`dfeWZ%g`{%gp\ª%egLZcOe£]`_a]xhE}fcFgvk¦%hZ%gkZ%g
²
¦%Z%_`_9³AÁ¯»wÖ^hZ%gLdfe
Z%dJh%cF]`eWZgLph%cO\pZphikikdfe0uOZ}gpphZ%dfeWZ%g_xZphgLph%cF_aebike`h^k¦eNZ%dfcwh

  
      

       	       

   	 
	
           	
	 ×ﬃ ) 	 ﬁ ﬃ( 
$%
  
   $!*9$	 , ﬁﬃ   	   0,
ﬃ$ 	 $	
Y Ł ]`\iyOZ%g]bZ¢uwikdJh¢_xZuO\ik]`dZ¥\^]`_`_a]`\%e£g]cfZZph%evcFdZ¢dcFkZ%_`_xZk]bZ©SZz!}_xgpZ%g¢uwikdJh_xZ
uO\ik]`dZEuOZphﬀspcFgikdfe`huOZEgpZngL]uk]xhphZ%\Z%dfeb ﬂOchc¤Ł ©#e£gLªphgLpspZ%\^\Z%dfenAhZ%cO_
²
¦%Z%_`_¯ÎfÅJ½l ?Z%gLhZ%cwhWr
ikik]`e°%eNHuO%eWZps%eNHuwikdJhHspZHuO\ik]`dZ?uOZ?_xdOykcfZ%cFgLhHu[ŁduOZfY§isikgeWykgi%}ftO]bZ?ukcywiH\_xps%cO_jik]`gLZ
ikc-spZ%dfegpZ'uOZﬀspZ%e*ik\ihp9ik]`dJh%]cfZ_Ł%e£cJuOZﬀuOZhiuk®dik\^]cfZp<dch'ik_`_xdJhE_xZ0k]`gL9i0}c^i%}w}fg%eWZ%g
uOZd\¦gLZ%chZph
]`d{{g%\ike]bdJhh%cOg_ji}_jiOspZ¢ukcÐsp\H}fhikdfe°gL]u¸ikcÉscFguOZspZ%evik\ihﬀY§i
uO%eNZps%e]bdÏuOZ'ÊQuwikdJhvcOdykgikdu¥d\¦gLZ^u[Ł ik\ih
l£0uyOZp'ÅJ´w´k³ﬂEo<ik_x\-¿&E\¦%ZphpÅJ´w´Æi%r
]`\H}_a]cZ'uOªph'_xgLhﬀu[Ł%_jikgbyk]`g_Ł%e£cJuOZ}Jikg']`\iyOZ%g]bZ'© _ŁZ%dJhZ%\¦_xZ'uOZHspZph'dcOkZ%_`_xZphhcOgLspZphŁZph%e
spZ cO]i
%eW^Z%dfe£gLZW}g]xh uOZW}cO]xhpEikkZps#_xZphk¦%hZ%gike£]bdJh^ÊË  Ê l£0uyOZ¿ §gik®wZ%gp¤ÅJ´w´Æ!rZ%eEikkZps
_Ł ]`dfeNZ%g`{%gL\ª%egpZvuOZv_Ł m^
²
q h%]`ec h%cOgv_xZ E_jikeNZikcuOZ¾ﬀcOgLZpHlbo<ik_x\-¿ﬂE\¦%ZphpÅJ´w´Æ¦4rk[Y§i
\g2}ftf_xyk]bZukc¸ywiZ%eh%cFgeWcFehiuk®dik\^]cZ^}fZ%g\Z%eeNZ%dfeuOZ\^]bZ%ckzÛsp\H}gLZ%dukgLZ¥_ji¥}_jiOspZ
ukcywi\_xps%cO_jik]`gpZ}Jikg\^]'_xZphikcOe£gLZph }ftJihZphukcywi%#uOn¨!©¢]uOZ%dfe£] «0pZph©u[Ł ikcOe£gLZph-_xdOykcZ%cOgLh
u[ŁduOZ
10/3C/43 
(
3.
	¤1
                	              
Y Ł ik\ih
²
¦%Z%_`_ÎfÅJ½Zph%ehikdJhikcfs%cOduOcFeWZ^_jih%e£gcfs%e£cOgLZ_ji^}_acwhk¦%hZ%gkpZ^uwikdJh^_Ł%ecAuOZuOZph
spcFgikdfe`hﬀuOZ0gLZngp]uk]xhphZ%\Z%dfebFYŁ ikdik_a®¯hZ'uOZphﬀuOdfdpZph'uOZphhikeNZ%_`_a]`eWZph¤¬ i\dfe£gLﬀcCŁ cOdebikckzvuOZ
uOW}fh%]`e£]bd¥uOZT\ihphZ#uOZT_ŁgukgpZ#uOZ ∼ ÆF´w´4ÖO´w´ q  Ç ikdJCspZ%dfe£gLﬀh%cOgH_ji ywik_ji{z|]bZsp·ﬂl£Ì^ÍÛ³kÅÁ¯Ö%r
l
²
_`_xZ%d¿ 9iw¦]ikdJ¤³w»w»AÁ¯¦4r%ebik]`e¤dpspZphphik]`gpZC}fcOg#gLZ%dukgLZsp\H}eWZuOZ#_Ł%\^]xhph%]bdukcywisptJikcJuw
m%_¤Zph%e0]`dfeW%gpZphphikdfe'uOZ^gLZ%\ikgcZ%gcZv_xZphikcOeNZ%cOgLh^egLcFkZ%dfeHbywik_xZ%\Z%dfeEcFdZzFspªphu[Ł iw¦%hg2}e]bd
uOZ_Ł%\^]xhph%]bdR¬ uwikdJh_xZphÆF´ spZ%dfe£gik_xZphuOZ_Ł ik\ih 0ikgik]`_`_xZ%cOgLhp^_ji}gLphZ%dspZuOZÏsik]`eWph
uwikdJh_Ł%\^]xhph%]bd¥¬#ﬀgL%k%_xpZT}JikgtJikdukgieW%\]jykdZu[Ł cOdZiOs%e]`]`eN-sp\H}_xZzFZZ%eZ%dspgLZv\ik_
sp\H}g]xhZ ikcspZ%dfe£gLZvuOZ_Ł ik\ih
 )     	     	
   ﬀ      
α
·ikdJh?_xZ#uO\ik]`dZp}e£]cfZpcFdZ?h%e£gcfs%e£cOgLZZ%d«C_jik\Z%dfe`h?e£gLªph %eNZ%dukcfZvl ∼ ÅŁ ri-%eNT\^]xhZZ%d
%]uOZ%dspZuwikdJh_jigik]bZ¶
α
ikcFeWcFguOZ_jiywik_ji{z|]bZ-spZ%dfe£gik_xZ¥l£¶ Zps
È
\ikdRZ%eHik_jjT³w»|¼»ﬂEdJhZ%_a]bspZ
Z%eik_jj9ÅJ´w´k³%rkEZph§«C_jik\Z%dfenhp9uOdfe*_Łg%]jyk]`dZ0dŁZph%eA}JihHZ%dspgLZ#%ebiw¦_a]bZpJ}fcOg%gik]bZ%dfe°­%egpZ?ihphs%]bph
ikcywiThZ?gLZngL]uk]xhphikdfe°ikcOeWcFgHuOZ?_jiywik_ji{z|]bZ#spZ%dfe£gik_xZ 0i%}w}fZ%_xdJhHc¤Ł ]`_Zz|]xh%eNZTcOdZspg%gL%_jike]bd
gLZ%\ikgcJiw¦_xZﬀZ%dfe£gLZ0_xZph0ebikckzvuOZﬀuOW}fh%]`e]bduOZ0\ihphZﬀZ%e9_ji _acO\^]`dh%]`eW'uwikdJh_jiv¦pikduOZC¶
α
l ﬀZ%gLZph
Z%e*ik_jj9³w»w»|¼!rik]`dJh%]<c¤ŁZ%dfe£gLZ'_ji\ihphZ0uOZCywi'\_xps%cO_jik]`gpZ?Z%e§_ji_acF\^]`dh%]`eW?Z%d¶
α
l£0uyOZp<ÅJ´w´k³ﬂ
o<ik_x\¿ E\¦%Zphp°ÅJ´w´Æi%rk
          ﬀ       

 
'ikgvik]`_`_xZ%cOgphpEcOdZsp\H}fhikdfeNZvuOZ#ywiikeN\^]cfZ¶'mZ%dÏiw¦%hg2}e]bduOZ%ikdfe_Ł%\^]xhph%]bdukc
d®|ikciOs%e£] 0iw¦g]`eN*}Jikg¤Ì^ÍÄ³kÅÁ¯Öi%eW0uO%eNZps%eWpZ#lﬃﬂAi#Zp³w»w»O´pr*Z%espggLZphW}fdu©cFdZE\ihphZ0uOZ
ywiuOZ ∼ ³O´ 10 q  ¤Y*Zph-k¦%hZ%g%ike]bdJhuwikdJhv_xZ-uO\ik]`dZv\^]`_`_a]`\%e£g]cfZ
l£Y§iikgLZnﬂZ%e?ik_jjﬀ³w»|¼»ﬂ
q]`giw¦%Z%_#Z%e^ik_jj³w»|¼»ﬂgﬀZ%cOeNZ%gZ%e^ik_jj³w»w»|Æ2Hm%dcfZZ%e^ik_jj³w»w»O½k¦x¾ﬀg]uyOZph¿Òm%gÚ¤]`dJv³w»w»|¼!r
dfenﬀcAikdfeT©Z%_`_xZphp0gL%k%_xuOZph^\ihphZphuOZ ywi-\_xps%cO_jik]`gLZuOZ^_ŁgukgLZuOZ ∼ ³O´ 10 q  uwikdJh_xZph
∼ Î´ 
spZ%dfegik_xZph¢uOZ¥_Ł ik\ihﬀY*Z'Êﬂ]`\iyO^}gpphZ%dfeWZ¥cOdZ{g%\Z¢ih%®\%eg%]cfZpvik_xdOyOpZkZ%gLh
        	       
         ¥	  H   	 
	(  
_ŁZph%euOZ
_Ł
²
ÍEÌ spZ%dfegik_Ch%cOg
cFdZuk]xh%e2ikdspZ
u[ŁZ%df]`gLd¹³O´
È
}fs
²
cSspZ%dfegLZp i%}w}JikgixhphZ%dfeuOZ%cz
}]bsphu[Ł%\^]xhph%]bd]`dfeWZ%g2}gp%eWph¥sp\^\ZuOZ%czÄgLbyk]bdJh
u[Ł cFdZh%e£gcfs%e£cOgLZZ%dSikdfdZikcÄh%]`e£cfpZ¥©Æ`Ö
È
}fsukcspZ%dfegpZp'k]`g C]jykcFgLZ-Öw`³w°Y§iuk®dik\^]cfZ-ukcR'Ê¡hZ%\¦_xZ]`duk]cZ%gcfZspZ-uOZ%gdf]bZ%g-Zph%e
Z%dgLe2ike]bdikcOeNcOgukcspZ%dfegLZvuOZ_ji^ywik_ji{z|]bZpsp\^\Z_xZ \dfegLZ%dfeC_ji C]jykcFgLZÖwxÅO

CGJHG+*J wDMbedPQgacfﬂdP[`T<bP[^Q R8Q(Zh [`Wga\OPOea\X%f w"(y{z & w R_ ]^Q`fﬂdebPQ*R8Q
%
w zcU~  y f X%_ Q*Q`dUMZ!ﬁ
z}|<|<<M  N M ]}MbedPQ(Q^Oed ]^Q`fﬂdebP[^QgOP_8bZh
%
ﬁacf Ra\ﬂ_ [SjtMbl_8f Q(]`bPX%a;n N
Q^O ]^X%f2dPX%_8bPO OPX%fﬂd t z
σ
ﬁ
M}rQ^]
σ
  zcwSW TOQ}MW <N h acf2dPQ`ber%MZcZ\QUR8Q r9acdPQ^OPOPQ^Os]^X%_8rQ`bedPQ^OmQ^OedFR8Q ∼ xwxw 	9WO}
   

  

   	 
	
   
Y Łg]jyk]`dZuOZspZ-ywidŁZph%e0}JihZ%dspgLZ¦]bZ%d7sp\H}g]xhZp#\ik]xh]`_EhZ%\¦_xZcfZhih%egcs%ecFgLZ
ih%®\%eg]cZH}cF]xhphZ-ikk]`g%eW
s%gLppZ#}Jikg^_Ł ]`dfeNZ%giOs%e]bdÛc_jisp_`_a]xh%]bd¸uOZ_jiywik_ji{z|]bZspZ%dfegik_xZ
ikkZps^cOdZikcFegLZvywik_ji{z|]bZ-uOZ_Ł ik\ih°·Zd\¦gLZ%ckz]`duk]bspZphh%c|yyOª%gLZ%dfe#Z%dÛZn#Z%eHcZ^_ji
ywik_ji{z|]bZ
sp· iu#"spdfdi`e£gLZ?cOdZ#eWZ%_`_xZT]`dfeNZ%giOs%e]bduwikdJhH_xZph#³O´ 7−8 ikdJhC}Jihphphvl£¶_aex\ikdZ%e¤ik_jj°³w»w»kÅrk
EZW}fZ%duwikdfen°cFdZ^spdfeg]¦cFe]bdukcfZvikcspcOgikdfe0uOZgpZngL]uk]xhphZ%\Z%dfeCdŁZph%e§}Jih^ZzFs%_acZ
  
 	   ﬃ     		 
  
 
   
Y9i¥ywik_ji{z|]bZ
spZ%dfegik_xZ
iw¦g]`eNZ-cOdZ-hcOgLspZ-giwuk]b¢ikg]iw¦_xZÕ?Æf¡¼{ÎY§i}gLphZ%dspZuOZ¥spZ%_`_xZ%s%]
uO]`e0ikk]`guOZC{geWZph^spdJhcZ%dspZphuwikdJh _jigLbyk]bdegLªphspZ%dfe£gik_xZ[E_`_xZ'}fcFggik]`e?Z%dÏZn#Z%eikk]`g
spdfe£g]¦cfikcsptJikc%TiyOZ^ukcywi^e£gLªph0gL]u¥uOZ_jiywik_ji{z|]bZp_xZgLZ%duwikdfeﬀuO%eWZps%e2iw¦_xZZ%d¸%\^]xhph%]bd
Y*Zph_xk¦%Zphgiwuk]bhZ%\¦_xZ%dfeCikk]`g#gLZW}fchph#_xZTywiT¬ hZ%_xd¥_xZ#hsp%dikg]bT}gLp}fhE}JikgT¾#ZptOg]`dOyOZ%g
Z%e^ik_j^lN³w»w»|Æ!rkTY*Z
ywi\_xps%cO_jik]`gLZZ%d %\^]xhph%]bd7ikc spZ%dfegLZuOZ¢_Ł ik\ihZph%e^uO%eNZps%eWikkZps¢cOd
uOpsik_jiyOZHhW}fZps%egik_9kZ%gph _xZv¦_xZ%c¢cfZ ¾'g%]uyOZph¿ m%gÚ¤]`d¸lN³w»w»|¼!r]`dfeWZ%g2}gpª%eWZ%dfe?sp\^\ZcFdZ ]`eWZphphZ
  
      

       	       

   	 
	
         

C JGIEHJ maIMT<b#MWgWYQ  X<Oeacdea\X%f O &macdPQ^OPOPQ^OR8QlZh [`Wga\OPOea\X%f R_ow"R Mf O
%
wzcU~ YOPQ`Z\X%f _8f
Mf8T<Z\Q y    Sz<zcw
◦
B]^Q`fﬂdebP[UOe_8bsZh
%
y f X%_ QqQ`dMZ!ﬁHz}|<|<<M 
sp\^\^cFdf]cfpZikc¥ywi'gL]uv}Jikg_ŁZz!}JikdJh%]bdÄuOZph_xk¦%Zphvgiwuk]bk°Y*ZphvgLph%cF_aebikenhuOZph-k¦%hZ%gike]bdJh
ukcspZ%dfegpZu[Ł
²
¦%Z%_`_<³AÁ¯»wÖ°dcwhH_xZ#kZ%ggLdJhC}_ach¦pihpEspdukcO]xhZ%dfe¤©^cOd¥hsp%dikg]bcF]f}gLphZ%dfeNZuOZ
d\¦gLZ%chZphTh%]`\^]`_jikg%]`eWphikkZps_xZ^sihvZzFspZW}e£]bdfdZ%_§uOZ _Ł ik\ih ﬀZ%gphpZ
Y[ZphChcOgLspZph0giwuk]bhp§uOZE\ikdf]bª%gpZ°yO%d%gik_xZp¯¨{cfZ%dfespZ%ge2ik]`dZ%\Z%dfe<cFdg  _xZ]`\H}fgebikdfe*uwikdJh0uOZ
gLpsptJikc%#Z%\Z%dfe?ukcywi-]`dfegik4ik\ih©}_acwhykgikdu¥gik®wdHŁZph%eﬀcFduOZph^\psikdf]xh%\Zph]`dfkcfph
}fcFg-gLbykcF_xZ%g_xZphspcFgikdfe`huOZgLZngp]uk]xhphZ%\Z%dfeZ%egLukcF]`gLZ
_xZphe2ikczuOZ
uOW}fh%]`e]bd¹uOZ\ihphZ
YŁZz!}JikdJh%]bdÏuOZphE¨{Z%e`hH}fcOg%gik]`eﬀgLpsptJikc%#Z%g_xsik_xZ%\Z%dfe0_xZ ywiH}Jikg-spdfkZ%gLh%]bdÄuOZ^_xZ%cOg-%dZ%g£yk]bZ
s%]`d%e£]cfZZ%d%dZ%gbyk]bZTe`tfZ%g\^]cZºAgLªphTgLpspZ%\^\Z%dfen 'ch
È
Úh
È
]°Z%eCik_j¤l2ÅJ´w´Æ!r^dfe°\dfegLcfZ
_xZ#sptJikcTiyOZ?ukc\^]`_a]bZ%c]`dfe£gik4ik\ih}fcOik]`eikchph%]*ikk]`g_a]bZ%cuOZ§!i%$d]xhe£gLp}fZ#Z%e*egLªph%eNZ%dukcfZ
}Jikg_Ł ]`dfeWZ%g\uk]ik]`gpZ0u[ŁduOZphhdgLZphCyO%d%gLpZph*}Jikg0_Ł iOs%e]`]`eN]`dfeNZ%g\^]`eeNZ%dfeWZ?u[Ł cOd
²
ÍEÌ spZ%dfegik_j
10/3C/b. 698¸>98O=HU2DF@¤DF8G    
·ZTe£gLªphHgppspZ%dfeWZphk¦%hZ%gike£]bdJh#uwikdJhT_xZ#uO\ik]`dZH\^]`_`_a]`\%eg]cZp\Z%dpZphHikcÊ0ÚZ%dJhËfik_`_xZ%®
0iwuk]b
Êﬀ¦%hZ%gikeWg%®lpÊË  Êrﬀ}JikgT0uyOZv¿ §gik®wZ%gl2ÅJ´w´Æ!rCdfe}fZ%g\^]xhuOZH\Z%e£egLZvZ%d%]uOZ%dspZ
_ŁZz|eNZ%dJh%]bdhW}Jike£]ik_xZ?uOZﬀ_Ł%\^]xhph%]bd
ukcvywiT\_xps%cO_jik]`gpZ?ikc
spZ%dfegLZHuOZTÖ^ik\ih?uOZywik_ji{z|]bZph
²
kZps
uOZphgLph_acOe£]bdJhhW}Jike£]ik_xZphv\®wZ%dfdZphpTsp\H}g]xhZphZ%dfe£gLZÆZ%eﬀ¼hZpspduOZph^u[Ł ikgpspTZ%e?uOZph^eWZ%\H}f%
gike£cOgLZphÄŁ h%®h%eNª%\ZfŁJgLZ%_jike£]`kZ%\Z%dfe?%_xZ%kpZphp_xZph^ikcOeNZ%cOgLhegLcFkZ%dfe?cfZ_ji
\i¨{g]`eN^uOZv_Ł%\^]xhph%]bd
uO%eNZps%eWpZ#hZ#h%]`ecfZvuwikdJhcOdZ gpbyk]bd¢e£gLªphspZ%dfegik_xZl} ÅJ´
È
}fsWr¤k]`g°«ykcOgLZvÖwÑÆ*Y*ZTywi\_xps%cO
_jik]`gLZ#hZ%\¦_xZvuk®dik\^]cfZ%\Z%dfe0Z%eChW}Jike]ik_xZ%\Z%dfeEihphs%]bv©_ji^ywik_ji{z|]bZspZ%dfegik_xZEEZW}fZ%duwikdfeEcOdZ
%e£cJuOZH}_acwh?}gpps%]xhZuOZ_jiuk®dik\^]cfZ^ukc¥ywi\_xps%cO_jik]`gLZ-Zph%e'dpspZphphik]`gLZ?}fcFgik_`_xZ%gﬀ}_ach_x]`d
uwikdJh_xZphspds%_acwh%]bdJh
EZ gpph%cO_aebikeEdZ^spggLZphW}fdu}Jihvikczike£eWZ%dfeNZphvuOZph \uOª%_xZphHh%e2ikduwikguuOZ^spcOgikdfe0uOZ gLZngL]`
uk]xhphZ%\Z%dfe'uwikdJhv_xZphcZ%_~hikcfs%cFdZhcFgLspZ^uOZ-sptJikcTiyOZdŁ ]`dfeNZ%g]bZ%dfeb?EZph^uOZ%gdf]bZ%gLh?}gL%k]bZ%dfe`
 
  
     	    	
     
  ¥	
 
    

 
(	
 
gi%}w}fZ%_xdJhv_xZpcOdÏgLZngL]uk]xhphZ%\Z%dfe'ukc¥ywi©egLªph¦pihphZveNZ%\H}f%gikecFgLZp'iOs%e£] E¨chc¤Ł ikcgik®duOZ
gLZngp]uk]xhphZ%\Z%dfel ∼ ÅJ´w´ È }fsWrk?o]cOdZsp\H}fhikdfeNZ#gp]uOZ¢Zz|]xh%eNZ¢ikcO4uOZ%_j©¸uOZ¥_jiÏgLbyk]bd¹e£gLªph
spZ%dfe£gik_xZp0Z%_`_xZvZph%eik_xgLh]`duO%eWZps%ebiw¦_xZEZps%]°gLZph%eNZ'}fhph%]¦_xZTh%]°_xZphvuk]xhW}fZ%gLh%]bdJh uOZ]`eWZphphZukcywi
hdfeegLªphﬀykgikduOZphvl ∼ ³O´w´w´ È \
Ç
hWrcZ%dspgLZ?h%][_xZ0ywi#hZTegLcFkZ©^cOdZHeNZ%\H}f%gikecFgLZ Zz|e£gL­%\Z%
\Z%dfe¦pihphZ©ykgikdu-gik®wdukcspZ%dfe£gLZEZW}fZ%duwikdfe`¤_xZph#hsp%dikg]bhiOs%e£cfZ%_~hcO]hdfeEuO%kZ%_xp}w}fph
}fcFggLZ%dukgLZsp\H}eWZvuOZphk¦%hZ%gike£]bdJhukc
hikeWZ%_`_a]`eNZT¬#qq¢bÌ Z%Ú¤eNd\dfegpZ%dfe_jidpspZphph%]`eWuOZph
}ftf%d\ª%dZph#uOZsptJikc%TiyOZph%chspZW}e]¦_xZph uOZgpukcO]`gLZ_xZphebikcz
uOZuOW}fh%]`e]bduOZ\ihphZ©ykgikdu
gik®d
·ikdJh_xZphvgLbyk]bdJhspZ%dfegik_xZphpE]`_§hZ%\¦_xZﬀ}_ach^uk] És%]`_xZvuOZ-sp\H}fZ%dJhZ%g_xZgLZngL]uk]xhphZ%\Z%dfegik
uk]ike£] TukcvywiH]`dfegik4ik\ihfY[Zph?ebikcz-uOZHuOW}fh%]`e]bduOZ?\ihphZphTuOukcO]`e`hHuOZphHuOdfdpZph¬q¥q hdfe
gLukcF]`e`hpuOZ%kZ%dikdfesp\H}Jike]¦_xZph?ikkZps0_xZphﬀ\ihphZph?uOZCywiT\_xps%cF_jik]`gLZ?k¦%hZ%gkpZphfEdspds%_acwh%]bdJ
]`_hZ%\¦_xZcfZ_xZ?ywidZHhZ#gLZngp]uk]xhphZ#cfZ uwikdJhH_ji}Jikge]bZegpªphspZ%dfe£gik_xZp¤ikcFeWcOg u[Ł cFdZﬀywik_ji{z|]bZ
sp·
Ìcwhik_`_xdJhvk]`g^cfZp?uwikdJhv_xZsih^u[Ł
²
¦%Z%_`_°³AÁ¯»wÖ_xZph^gLph%cO_ae2ike`hvhdfe?ihphZuk] #%gLZ%dfenhEd
}_achuOZph^h%egcs%ecOgpZph-]`\iyOpZph#}Jikg_Ł ]`dfeWZ%gn{%gL\ª%egLZpﬀ_xZphgLph%cF_aebikenhuOZph
k¦%hZ%gike]bdJh-uOZph ∼ ÅwÅ 
spZ%dfe£gik_xZph?h%c|yyOª%gLZ%dfe¤_ŁZz|]xh%eWZ%dspZ uOZﬀywiCgL]u%eWZ%dukcuwikdJh#eWcOeNZ _jih%cFg`!iOspZ ukc¢sptJik\H}uOZcfZ
0ikgik]`_`_xZ%cFgLhp'cOdZ#}_acwhykgikduOZvhZ%dJh%]¦]`_a]`eWZ%e?cFdZ^\Z%]`_`_xZ%cFgLZ^gLph_acOe£]bdhW}Jike£]ik_xZ\dfe£gLZ%dfeﬀ_xZ
_a]bZ%dÄ%egp]`e'Z%dfegpZ _xZ?ywiv\_xps%cF_jik]`gLZvZ%e_Ł iOs%e]`]`eNvuOZ_jigiwuk]bhcOgLspZ^spZ%dfe£gik_xZ
  ¥9 #ﬃ)*$ 	¥&$)*  2  	 0)$!+,ﬀ
Y Ł ]`dfeWZ%g`{%gL\%e£g]bZ¢_xdOykcZ¦pihZÄspdJh%]xh%eWZ©cOe£]`_a]xhZ%gikcÉ\]`dJhuOZ%czReW%_xZphspp}fZph¢]`duOW}fZ%df
uwikdfenhuOdfe#dÏgLZpsp\¦]`dZ^_xZph!ik]xhspZikckz¢uOZ'!i%$dRsptf%gLZ%dfeWZH}fcOg^_xZph'!ik]`gLZ^]`dfeWZ%gn{%gLZ%g!HŁZph%e
_xZ}g]`ds%]~}fZcFe]`_a]xh}fcFg
k¦eNZ%df]`gcOdZtJikcFeWZ-gpph_acOe]bdRikdOykcF_jik]`gLZp'h%c}f%g%]bZ%cOgLZ©_ji¢_a]`\^]`eWZuOZ
uk] ﬀgiOs%e£]bduOZ'}c¯}]`_`_xZphcOdf]cfZph
Y9igpph_acOe]bdÐikdOykcF_jik]`gLZu[Ł cOd¹eW%_xZphspp}fZZph%e`©ÄcOdZ¥_xdOykcZ%cOg¥u[ŁduOZ¥uOdfdpZpuOn«Cdf]bZ©
}Jikge£]`gukcÄuk]ik\ª%egpZuOZspZ-uOZ%gdf]bZ%gH}Jikg^_ji_jikg£yOZ%cFg©¢\^]`btJikcOeWZ%cFguOZhi{ds%e£]bdu[Ł%e2ik_xZ%\Z%dfe
ukc}f]`dfe?l o §r-Õ
δθ ' λ
D

.t/
"

l2_xgLhcZ_Łd¸dZspdJh%]uOª%gLZ-cfZ_ji_a]`\^]`eWZuOZuk] ﬀgiOs%e£]bdRukcÄeN%_xZphspp}fZWrkY§ie2ik]`_`_xZ
s%gL]xhphikdfeWZ
uOZph'eW%_xZphspp}fZph?iOs%ecZ%_~h¤}fZ%g\Z%e[uOZ0hduOZ%g'_Ł cOdf]`kZ%gLhHZ%duOdfdikdfe[iOspspªph?©uOZph0h%eg%cfs%ecFgLZphHuOZ°}_acwh
Z%dv}_ach[«CdZphY*gLhcZT_Łd
cOe£]`_a]xhZ#uOZ%cz^eN%_xZphspp}fZphp¤sfŁZph%e_ji^uk]xh%e2ikdspZZ%dfegpZT_xZphcOkZ%ge£cOgLZph 
lNcZH_Łd¢i%}w}fZ%_`_xZH_a]jykdZuOZ¦pihZWrcO]F¨{cfZ#_xZH\­%\ZHg  _xZcfZ_xZuk]ik\ª%e£gLZukceN%_xZphspp}fZ?·QuwikdJh
_xZHsihﬀuOZﬀ_Ł ]`\iyOZ%g]bZﬀuk]`gLZps%eWZ
²
]`dJh%]x9]`_Zph%eA}fhph%]¦_xZ?u[Ł iOspspuOZ%g'©cFdZtJikcFeWZﬀgLph_acFe]bd
ikdOykcO_jik]`gLZ
}fcFguOZph
ZphW}JiOspZ%\Z%dfe`he£gLªph^ykgikduh
Z%dfe£gLZ-_xZpheN%_xZphspp}fZphÌ cwh
ikkdJhcw#ikcRspcOgLh
ukcsptJik
}]`e£gLZÅk*c¤Ł ]`_OdŁZph%eF}Jih*}fhph%]¦_xZ'uOZ?spdfdi`egpZE_ŁZz|eWZ%dJh%]bdhW}Jike£]ik_xZ'u[Ł cFdZChcOgLspZT%\Z%ee£g]bspZ'uwikdJh
_xZ-uO\ik]`dZgiwuk]b_xgLhcfZ_Łd¸cFe]`_a]xhZcFdZikdfeWZ%dfdZcOdf]cZ
Z%eHcfZ_ji¢e2ik]`_`_xZikdOykcO_jik]`gLZ-uOZ_ji
hcFgLspZZph%e]`d{{Z%g]bZ%cOgLZ ©-_jie2ik]`_`_xZukc
_xk¦%Z}g%]`\ik]`gLZYŁ cFe]`_a]xhike£]bdu[Ł cFd]`dfeWZ%g`{%gL\ª%e£gLZ uwikdJh#_xZ
uO\ik]`dZ'giwuk]bW\^]`_`_a]`\%eg%]cfZ}fZ%g\Z%eu[Ł iOspspuOZ%g?©cOdZH¦]bZ%d\Z%]`_`_xZ%cOgpZ'gpph_acOe]bdikdOykcF_jik]`gLZ#Z%e
gLZ%duH}fhph%]¦_xZT_ji^gLZpspdJh%e£gcfs%e£]bd¢u[Ł ]`\iyOZ#uOZphThcOgLspZphu[Ł cOdZTeNZ%_`_xZHe2ik]`_`_xZYŁ iOspspªph©^_ŁZz|eWZ%dJh%]bd
hW}Jike£]ik_xZ0uOZphhcFgLspZph'uO%eNZps%eWpZph'ikkZps_xZeW%_xZphspp}fZ'uOZ0ÆF´\ÂZph%e*uOds}fhph%]¦_xZ°ykgÃOspZ'©_jivspdJh%e£gcfs%
e£]bd
u[Ł ]`\iyOZphEh%c}¸hik\^\Z%dfe[¦]bZ%dpsptJikdfe£]`_`_xdfdpZph'©_Ł ik]uOZﬀu[Ł cFd]`dfeWZ%g`{%gL\ª%e£gLZYŁ cOe£]`_a]xhike]bd
uOZﬀ_Ł ]`dfeWZ%gn{%gL\%eg]bZ?uwikdJhﬀ_Ł%ecAuOZ?ukcywiﬀ\_xps%cF_jik]`gLZTikcspZ%dfegpZ?uOZphTik\ihTuOZEywik_ji{z|]bZphTZph%e[cOdZ
   
$        ﬀ            	  
 

CRJG
)
J	W*MTQ*Q`f w"(y{z & w RHhiMj8bPk^O  RTQ v 8b#M Q`b y UxwxwxMqXeO8dPQ`fﬂ_ Q M}rQ^] "   "S9N Q^O
]^X%f2dPX%_8bPO@OPX%f2dGt z
σ
ﬁ8R8Q& M t

z 
σ
ﬁM^rQ^]
σ
 Sz<VMW   TO3Q}MW 
 
   
     	    	
     
  ¥	
 
    

 
(	
 
k]bZ]`dspdfeWcFgdiw¦_xZ0}fcOgeWZ%dfeNZ%guOZspdfdi`egLZ_ji-\g2}ftf_xyk]bZ ukcywi\_xps%cO_jik]`gpZikcspZ%dfegLZ
uOZphik\ihZ%euOZsp\H}gLZ%dukgLZ#hi}_jiOspZuwikdJh_xZph^spcOgikdfenhvuOZgpZngL]uk]xhphZ%\Z%dfeb
10/2.0/43 ;sH8F6§> @s#UN6 MNBEDF6§>JK^§>A;PŁDO>AMNX0=H6
oc¯}w}fhdJh#_xZ^sih#h%]`\H}_a] «0 u[Ł cOdZ#hcOgpspZ \dsptOgL\ike]cZHoÏ%\Z%ee2ikdfecFdZ^duOZE}_jikdZp
k¦%hZ%gkpZ?uwikdJh'cOd}_jikd-h%]`ecfT©#ykgikduOZ?uk]xh%ebikdspZTuOZ'_jihcFgLspZo§]bZ%dfeuOZ%czﬀ}f]`dfe`hTukc#}_jikdÕ 
1
Z%e 
2
[_ji^cJikdfe]`eN?\Zph%cOgikdfe_jispggL%_jike£]bdJZ%dfe£gLZspZphHuOZ%czT}fh%]`e£]bdJhpuOZphHsptJik\H}fh#%_xZps%e£g]cfZph
}gLkZ%dikdfeu[Ł cFd}f]`dfecFdf]cfZo
0
uOZ _ji^hcFgLspZ^Zph%euOn«Cdf]bZ0}Jikg Õ
< V1(t)V2(t) >= lim
T→∞
∫ T
−T
V1(t)V
∗
2 (t− τ)dt 
./45

 
τ
Zph%eC_xZuO%_jik]CZ%dfe£gLZ_Ł ikgg]`kpZ ukc}_jikdu[ŁduOZikckz}f]`dfenh 
1
Z%e 
2
*o]  Zph%e_xZkZps%eNZ%cOg uOZ
_a]jykdZuOZ¦pihZZ%dfegLZ _xZpheW%_xZphspp}fZp_xZ kZps%eWZ%cFgZ%duk]`gLZps%e]bduOZ _jihcOgpspZpik_xgLh
τ =
b.s
c

.t/41

 [dZ?{]xhdg\ik_a]xhpZp#dRi%}w}fZ%_`_xZ
spZ%eeWZcAikdfe]`eN-_xZuOZbykgL
sp\H}_xZzFZ-uOZ
sptf%gLZ%dspZ\^cOe£cfZ%_`_xZ

C JHG0L
J	(9] X [`W*MoR8Q(j8beacf ]`acj3Q RHh _8f acfﬂdPQ`b  [`bPX%WYk`debPQYb#M%Ra\X t R8Q`_n Mf2dPQ`f8f Q^O y  X X%Wgj O#X%f ﬁ
z}|xv<
\Zph%cFgL#Z%d¥uOZ%cz?}f]`dfe`h
1
Z%e 
2
lNcO]hdfe]`\H}_a]bs%]`eWZ%\Z%dfe[uOn«Cdf]xh°}Jikg ÉZ%e°uOds¤}Jikg
τ
rk·ikdJh
_xZsih#h%]`\H}_a] «0uOps%g]`e9}_achHtJikcFe`'dÏk¦e£]bZ%dfeEÕ
Γ(τ) = V1V2cos(2piντ) 
./ +

   
$        ﬀ            	    
Ê0dÉgLZpspdfdi`e]bs%]_ji¸uOZphs%g]~}e£]bd7uOZ_ji-«ykcOgLZu[Ł ]`dfeWZ%g`{%gLZ%dspZk¦eNZ%dfcfZ_xgphcfZ¥_ŁdIk¦%hZ%gkZ
_xZ}f]`dfeToS©e£gikkZ%gLhÅ^{Z%dfeWZph}_jiOsppZph
Z%d 
1
Z%e 
2
ÕTsfŁZph%e#_ŁZz!}f%g]bZ%dspZ-uOZph-e£gLcwhu[Ł <cOdOyw
YŁk¦%hZ%g%iw¦_xZ]`dfeWZ%gn{%gL\%eg]cZZph%evspZcZ_ŁdÉi%}w}fZ%_`_xZ_ji]xh%]¦]`_a]`eWp cO]Zph%e_jiÄ\Zph%cOgpZZ%d
uOZ%ckz
}f]`dfenh
ukcÛuOZbykgLsp\H}_xZzFZ
uOZ¢sptf%gLZ%dspZ¥Z%e cF]spdfe]bZ%dfe#eWcFeWZ_Ł ]`d{{g\ike]bdhW}Jike]ik_xZ
h%cFg_jihcOgLspZ
             -ﬀ   

        
 	-    	 8 
gLZ%ddJhv\ik]`dfeNZ%dikdfe'_xZ-sihu[Ł cOdZhcOgLspZvhW}Jike]ik_xZ%\Z%dfeH%eNZ%dukcfZuOdfe'_jiuk]xh%e£g]¦cOe£]bduOZ
¦g]`_`_jikdspZ-uOZh%cFg`!iOspZZph%e'ml %rkYŁ ]`dfeNZ%dJh%]`eWuO%eNZps%eWpZ}Jikg-cOdeN%_xZphspp}fZpHuOZh%cOgn!iOspZ
sp_`_xZps%eg]bspZ
²
l r¤uwikdJh?_jiuk]`gLZps%e]bd T}gpkZ%dikdfeu[Ł cOd%_x%\Z%dfeuOZﬀh%cFg`!iOspZHu
Ω
uOZT_jihcFgLspZHuwikdJhT_ji^¦pikduOZ
uOZ¤gLcZ%dspZ u
ν
Zph%e0uOdfd}JikgÕ
A(s)I(s)∆νdΩ 
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·ikdJhH_xZ uO\ik]`dZTgiwuk]b¤_jiuO%eWZps%e]bdu[Ł cOdZvduOZ%_xZps%e£gL\iykd%e]cZH]`dukcF]`e¤cOdspcOgikdfe%_xZps%
e£g]cfZ¢©Ä_jihge]bZ¢uOZ_Ł ikdfeNZ%dfdZm%_TZph%evik_xgLh}fhph%]¦_xZ¥uOZspggL%_xZ%g¥uk]`gLZps%eNZ%\Z%dfe_xZphh%]jykdikcz
%_xZps%e£g]cfZphv}gLkZ%dikdfe uOZsptJiOs%cOdZ¥uOZphikdfeNZ%dfdZphpZ%evu[Łk¦eWZ%df]`g
cOdZ
\Zph%cOgpZ¥uOZ_ji]xh%]¦]`_a]`eW
sp\H}_xZzFZuOZ_jihcFgLspZ
²
_jihge]bZukcspg%gL%_jikeWZ%cFgL°hikdJheNZ%df]`gvsp\H}eWZ uOZph¤!iOs%eWZ%cOgph uOZTywik]`dJ
d\Zph%cOgpZ Õ
dr = A(s)I(s)∆νdΩcos(2piντ) 
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Y§i-\Zph%cFgLZ ]`dfeWZ%g`{%gp\%eg]cZ uOZ_Ł%\^]xhph%]bduOZ_jihcOgLspZ%eNZ%dukcfZ^Zph%eik_xgph Õ
r(b) = ∆ν
∫
Ω
A(s)I(s)cos(2piντ)dΩ 
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Zph%eHh%cx¸hik\^\Z%dfeE}fZ%e]`eNZ}fcFg
cZv_xZph^ikg]ike]bdJhuOZ
²
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σ 
	 	uOZ eNZ%_`_xZ\ikdf]bª%gLZcfZ 
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r(b) ∝ ∆ν|V |cos(2pib.s0
c
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V = |V |eiΦV =
∫
Ω
A(σ)I(σ)e2ipiνb.σ/cdΩ 
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ZcO]%ddspZ cfZvÕ
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ÌeWdJh_xZph
spguOdfdpZphl2cwr¢ukcÏkZps%eWZ%cFg 
Ç
λ
Z%el2_~\Hr_xZph
spguOdfdpZphpﬀuwikdJh_ŁZphW}JiOspZ
uOZ [cFg]bZ%gihphs%]bpCukckZps%eNZ%cOg
σ
*EdÄZn#Zps%ecAikdfeCcOdZegikdJhn{g\ike]bduOZ [cOg%]bZ%gH]`dfkZ%gphZuOZ
_ŁcAike]bdÖw`»0dk¦e£]bZ%dfeÕ
I ′(x, y) = I(x, y).A(x, y) =
∫
∞
∞
V (u, v)e2ipi(ux+vy)dudv 
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h%]_ji{ds%e£]bdÏuOZ^]xh%]¦]`_a]`eW%ebik]`eHspdfdfcZuwikdJheWcOeT_xZT}_jikdSl2cwr?ik_xgLhd}fcFggik]`e'gLZpspdJh%
e£gcO]`gLZsp\H}_xª%eNZ%\Z%dfe_Ł ]`\iyOZuOZ#_ji^hcOgpspZÊ0gLspZdŁZph%e§}JihH_xZsih ?cOgvsptJiwcfZ}Jik]`gLZ u[ŁcO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4uk]`gLZcfZ#}fcOgsptJiwcZ\Zph%cFgLZ-u[Ł cOdZ
}Jik]`gLZTu[Ł ikdfeNZ%dfdZp¤d¢psptJikdfe]`_`_xdfdZ'_jiE{ds%e]bd¥uOZ?]xh%]¦]`_a]`eW#Z%d
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cF ÕZ%d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WrkY[Z}gLk¦_xª%\Z¥spdJh%]xh%eWZ
uOds©gpZpspdJh%egcF]`gLZcFdZ]`\iyOZ©}Jikge£]`g
u[Ł cFdÉpsptJikdf
e£]`_`_xdfdiyOZ«Cdf]¤uOZ_jiﬀ{ds%e£]bduOZ]xh%]¦]`_a]`eN ﬀcFgcOdÄZ%dJhZ%\¦_xZ uOZ}fh%]`e£]bdJhuOZeN%_xZphspp}fZphp°_xZ
}_jikd¢l2cwrvZph%epsptJikdfe]`_`_xdfdﬀZ%dcOdd\¦gLZ<«Cdf]9uOZ[}f]`dfenhp*uOdfe9_xZphTspguOdfdpZphhdfe[uOn«Cdf]bZph
}Jikg_xZph'}fh%]`e£]bdJh#gLZphW}fZps%e£]`kZphuOZphvikdfeWZ%dfdZphl2_a]jykdZph uOZv¦pihZWrZ%eﬀdi
Õ
I ′′(x, y) =
∑
k
g(uk, vk)V (uk, vk)e
2ipi(ukx+vky)dudv 
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4.3 10^9 MsolTaux de déposition de
masse 7.9 Msol/an
Cooling time 3. 10^8 ans
Durée de la flambée
de formation stellaire
-> masse déposée 2.4 10^9 Msol
5. 10^6 ans
 
dans la région observée
réparti de facon homogène 
La majorité du gaz froid est 
Si Age = 10 Gyr alors 7.9 10^10 Msol de gaz déposé sont attendues
Masse de gaz moléculaire
dans au centre : 7.2 10^8 Msol
Taux de formation stellaire 
au centre : 10 Msol/an
-> Présence de poussière
-> Accretion de gaz par la galaxie
stellaire ~10 Msol/an dans les lobes
Masse stellaire dans les lobes
10^8 Msol
Taux de formation 
dans les lobes : 5.6 10^8 Msol
-> efficacité de la conversion 
gaz -> étoiles  ~ 20%
-> mécanismes de chauffages capable de stopper le courant 
de refroidissement dans le passé
-> Reservoir de gaz froid déposé dans le passé par 
le courant de refroidissement dont 
l’age est de qques Gyrs
-> Plusieurs épisodes de formation stellaire
associée à l’activité de la radio-source au cours 
de la vie de l’amas 
-> Le gaz accrété peut nourrir l’AGN central 
- Episodes de formation d’étoiles
- Rechauffement de l’ICM 
-> Arret du refroidissement radiatif 
- Epuisement du réservoir de gaz froid
- Réduction de l’activité de l’AGN
accrété par la galaxie
Gaz chaud 
intra-amas
moléculaire froid
Reservoir de gaz 
les lobes radios
Interaction avec 
Age de la RS 10^7ans
d’étoiles
Flambée de formation 
Masse de gaz moléculaire
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Mapping the cold molecular gas in a cooling flow cluster:
Abell 1795
P. Salome´1 and F. Combes1
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Abstract. Cold molecular gas is found in several clusters of galaxies (Edge, 2001, Salome´ & Combes, 2003): single dish
telescope observations in CO(1-0) and CO(2-1) emission lines have revealed the existence of large amounts of cold gas (up
to ∼1011M) in the central region of cooling flow clusters. We present here interferometric observations performed with the
IRAM Plateau de Bure interferometer in Abell 1795. Comparison with IRAM 30m data shows the cold gas detected is extended
suggesting a cooling flow origin. The CO features identified are very similar to the structures observed in Hα and with the star
forming regions observed through UV continuum excess. A large fraction of the cold gas is not centered on the central cD, but
located near brightest X-ray emitting regions along the North-West orientated radio lobe. The cold gas kinematics is consistent
with the optical nebulosity behaviour in the very central region. It is not in rotation around the central cD : a velocity gradient
shows the cold gas might be cooled gas from the intra-cluster medium accreted by the central galaxy. The optical filaments,
aligned with the cD orbit, are intimately related to the radio jets and lobes. The material fueling the star formation certainly
comes from the deposited gas, cooling more efficiently along the edge of the radio lobes. Even if some heating mechanisms
are present, these millimetric observations show an effective cooling to very low temperatures indeed occurs and is probably
accelerated by the presence of the radio source.
1. Introduction
1.1. Abell 1795
The rich cluster of galaxies Abell 1795 is thought to be the
site of a cooling flow, since the temperature measured from
X-ray emission is dropping by a factor 3 towards the core,
at about 140kpc from the centre (e.g. Tamura et al 2001).
Fabian et al (2001) discovered with the Chandra satellite a
40arcsec long (∼60 kpc, with an adopted Hubble constant of
H0=75km/s/Mpc) X-ray filament in its core, coinciding with
an Hα+NII filament previously found by Cowie et al. (1983).
This filament is also conspicuous in the U-band (McNamara
et al 1996a), and the site of star formation: the blue continuum
along the edges of the radio lobes are resolved into bright knots
with the Hubble Space Telescope (HST). The absence of po-
larized light rules out that the U-band continuum is only due to
scattered light from an active nucleus (McNamara et al. 1996b).
The cD galaxy, a little South of the Northern peak of the fila-
ment, has a positive peculiar velocity with respect to the rest of
the cluster galaxies (Oegerle & Hill 1994), and is probably os-
cillating around the cluster core. The gas filament has a velocity
centred on the cluster mean velocity, and may also be sloshing
in the cluster potential (Markevitch et al. 2001). The radiative
cooling time of the X-ray emitting gas in the filament is about
3.108yr, quite similar to the dynamical age of the filament (ra-
Send offprint requests to: P. Salome´
tio of length to velocity). This supports the cooling flow model,
in which the gas is presently cooling from the hot cluster gas.
The optical filaments are intimately related to the radio jets and
lobes from the radiosource 4C+26.42 (vanBreugel et al. 1984,
Ge & Owen 1993, Mc Namara et al 1996). The blue emission
is aligned along the edges of the radio lobes, while dust lanes
extend along the radio jets and lobes as Hα and UV (Pinkney et
al 1996), which might be interpreted as star formation induced
by the radio source or the deflection of the radio jets off pre-
existing dust and gas. If a burst of star formation were triggered
by the expanding radio lobes, the age of the burst population
should be ∼107yr. Then, the star formation rate in both lobes,
assuming the local IMF, would be ∼20 M/yr, and the stellar
mass of the lobes would be ∼108M (McNamara et al. 1996a).
The material fuelling the star formation and the radio source
may have two origins: either the cooling flow or gas stripped
from nearby galaxies. The morphology and kinematics of CO
emission could distinguish between the two possibilities.
1.2. Cold molecular gas
Previous spatially resolved CO emission in a cooling flow
cluster has already been reported in the Perseus galaxy NGC
1275, with a morphology related to Hα and X-ray (e.g. Inoue
et al. (1996), Bridges & Irwin (1998), using the Nobeyama
Milimeter Array and the IRAM 30m single dish telescope re-
spectively). However, this galaxy is also the result of a merger,
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the CO is observed in the center in rotation around the AGN,
and the origin of the CO gas is multiple, including the cooling
flow. The picture appears clearer in Abell 1795. Recent OVRO
observations, (Edge & Frayer, 2003) observed CO emission in
a compact region centered on the central galaxy in five cooling
clusters (Abell 1068, RXJ0821+07, Zw3146, Abell 1835 and
RXJ0338+09).
The core of the Abell 1795 has also been observed in the
CO rotational line emission, tracing the cold molecular hydro-
gen. The total emission was first detected with the IRAM 30m
telescope (Salom e´ & Combes 2003) and the mass of the cold
gas in a region of 23” was estimated to be 4.8 109 M. It is
likely to be a lower limit, since the measured metallicity of
the Intra-Cluster Medium (ICM) is 0.2-0.3 solar (Tamura et al.
2001). And much more gas might be present into the cooling
radius. The molecular mass would then be much larger, by an
order of magnitude, than in a typical cD galaxy. The mass de-
position rates deduced from recent Chandra X-ray observation
of Abell 1795 are 7.9 M/yr in the central region covered by
the 30m telescope beam of 22” (while it is ∼100 M/yr within
200kpc, Ettori et al 2002), therefore compatible with our detec-
tion of cold molecular gas. The cold gas detected might have
been deposited out of the flow in 0.6 Gyr. The cooling time
of the hot X-ray gas is around 300 Myr in the same region.
In a steady state cooling flow scenario, a steady reservoir of
cold gas with a mass close to the mass deduced from CO ob-
servations is possible since the star formation rate (Smith et
al. 1997, McNamara et al. 1996b) is close to the mass deposi-
tion rate. However, the lack of spatial resolution prevented to
conclude that the cold gas was associated to the cooling flow,
since it could have been interstellar gas rotating in the central
cD galaxy. The gas detected here through CO rotational lines is
cold (about 20K). The intensity ratio between the CO(1-0) and
CO(2-1) (obtained with the IRAM-30m, Salom e´ & Combes
2003) is consistent with an optically thick gas, with somewhat
sub-thermal excitation, due to an average low density. Warm
H2, vibrationnally excited, is particularly abundant in cooling
flow galaxies and in Abell 1795 (Donahue et al 2000, Wilman
et al. 2002). The warm H2 emission could be related to the in-
teraction between the jets and the cold molecular gas.
2. Interferometric observations
The observations we present here, have been done with the
IRAM interferometer in winter 2003, with 3.2” and 1.8” spatial
resolution at the CO(1-0) and CO(2-1) lines respectively. The
frequencies were centred at 108.413 and 216.822 Ghz, corre-
sponding to the redshift z=0.06326 of the cluster cD galaxy
hosting the 4C+26.42 radiosource. The velocity of the cD is
redshifted by 374km/s with respect to the mean velocity of the
galaxies inside 200kpc (Hill et al. 1988, Oegerle & Hill 1994).
The total integration time is 43 hours, in C and D configura-
tion, with 5 or 6 antennas. To improve the signal-to-noise ratio,
we smoothed the spectral resolution to channels of 88 km/s at
CO(1-0) and 44km/s at CO(2-1), since the width of the line is
expected to be large (∼500 km/s) from the 30m observations.
The signal-to-noise is slightly better in the CO(2-1) map, and
the higher spatial resolution allows to better identify the Hα/CO
correspondance; however, the primary beam (FWHP=22”) is
twice smaller than in CO(1-0) (FWHP=45”), preventing to ob-
serve the spatial extension of the filaments .
3. Results
3.1. The molecular gas morphology
The resulting integrated maps in the two CO lines are shown
in Figure 1. At 3mm, we detect a continuum source, at the
position of 4C+26.42, of 7 mJy. This source is the expected
continuation of the synchrotron emission detected at lower fre-
quency, with a flux decreasing slope of α= -0.98. The CO(1-0)
map shows the emission found, once the continuum has been
subtracted. We clearly detect CO emission associated with the
cooling region already detected in X-rays, U-band excess and
Hα. The maximum of the emission is located in two main re-
gions : one coincident with the maximum of X-ray emission
and occurs at the North-West of the cD, the other is at the
galaxy position and extending to the South. The CO emission
is too faint to be compared to the large North-South orientated
filamentary structure seen in X-ray and Hα. Nevertheless, in the
very central part, the cold gas morphology is very similar to the
Hα and Blue continuum structures identified by Van Breugel et
al. (1984), McNamara & OConnell (1993), Smith et al (1997)
as shown on Fig. 1. The Hα-CO correlation has been found
for global emission statistically over the CO-detected cooling
flows (Edge 2001, Salom e´ & Combes 2003), and it is now con-
firmed by their coinciding morphologies in A1795.
3.2. The molecular gas kinematics
The kinematics of the molecular gas in A1795 is shown on
Figures 2 and 3. We present position-velocity diagrams for the
two CO lines along the axis of maximum emission (PA=27)
through the centre of the cD galaxy. There are two separated
trends in velocity in both the CO(1-0) and CO(2-1) lines. One
is a regular gradient from the galaxy centre (at zero velocity)
towards the North (5”) at 300km/s, the other is a constant veloc-
ity blueshifted by 300/350 km/s relative to the galaxy velocity
(less visible in CO(2-1) due to velocity and primary beam at-
tenuation). The velocities measured in the CO brightest regions
are coinciding with those in Hα, by Van Breugel et al (1984)
and Anton (1993), supporting the association between the cold
gas and the hot gas/optical structures. The peak of Hα emission
does not follow the peculiar velocity of the cD galaxy in the
cluster, but is centred on the cluster mean velocity (-350km/s),
i.e. the mean velocity of the galaxies inside 200kpc, while it
reaches the cD velocity at the galaxy position. The kinematics
of the cold gas and the Hα line emitting gas is compatible with
the cooling flow scenario. At the North-West position, coinci-
dent with the brigthest X-ray region, the gas is cooling within
the cluster potential. Near the cD, the flow is captured by the
cD potential (and the inner gas have a velocity close to that of
the galaxy, with a wider range of velocities).
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Fig. 1. Top : C0(1-0) integrated emission. Linear contours are drawn from -3σ to 6σ spaced by 1σ=0.36Jy/beam.km/s. Dashed are negative
contours. The beam is plotted in the bottom left corner. Bottom left : CO(2-1) integrated map. Contours are from -3σ to 8σ spaced by
1σ=0.26Jy/beam.km/s. The black triangle indicate the radio source position. Bottom right : Hα + [NII] line emission in grey scale, overlaid the
6cm continuum emission from 4C+26.42 radio lobes (vanBreugel et al. 1984).
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Fig. 2. Position-Velocity diagram in CO(1-0) emission line, the posi-
tions are along a slit of 5′′ width (integrated), centered on the galaxy
position and aligned with the maximum of emission (PA=27).
Fig. 3. Position-velocity map in CO(2-1) emission line in the same
region as in Fig. 2.
4. Discussion
The peculiar morphology of the cooling gas (X-ray, Hα, blue
continuum, molecular gas) appears to avoid the radio lobes,
particularly visible in the north (Fig. 1). This can be interpreted
as the radio jet heating and displacing the hot X-ray gas as it
cools on the cD. This scenario is supported by the detection
of X-ray cavities coincident with radio lobes in an increasing
number of cooling flow clusters imaged by the recent high spa-
tial resolution X-ray satellite Chandra (Bo¨hringer et al., 1993;
Fabian et al., 2000). The cold molecular gas will condense
more efficiently in the resulting cold front surrounding the cav-
ities. This is also in these fronts that stars are formed, explain-
ing the optical blue continuum. The CO emission is not associ-
ated to the nearby galaxies of the cluster, and does not appear
to come from stripped gas. The association of the CO emis-
sion with the cavity border supports its origin in an intermit-
tent cooling flow scenario, where the gas cooling more rapidly
along the radio lobes is then accreted by the central galaxy and
can fuel the central AGN activity, which may regulate the cool-
ing. Finally, an important result of these interferometric obser-
vations is that the total flux retrieved is only 25% of the single
dish flux obtained previously with the IRAM 30m telescope:
this means that most of the emission is extended with respect
to the 45” beam (corresponding to 65kpc), which argues for a
cooling flow origin of the cold gas at larger radii.
5. Conclusions
Through interferometric mapping of the CO emission, we have
shown that the cold molecular gas is associated to the cooling
flow in Abell 1795. The CO emission is closely associated to
Hα and to X-ray emissions, and is concentrated at the bound-
aries of the bubbles or cavities created by the central AGN.
Cooling occurs preferentially at the edge of these cavities, were
the hot gas is denser. The peculiar long filament morphology
of the cooling gas in A1795, and its kinematics, are best inter-
preted as a cooling wake (Fabian et al. 2001): the cD galaxy
oscillates in a few 108yr period, and during a cooling time the
large-scale hot gas sees the minimum of the potential roughly
as a straight line along the cD orbit. The AGN in the cD core
and its plasma jets certainly provide a feedback heating, seen as
cavities in the X-ray maps, coincident with the radio-lobes, but
is also probably increasing the cooling to very low temperature
along the edges of these cavities, where the cold gas condenses
and forms stars. A velocity gradient of the cold gas is revealed,
that shows it is falling on the central galaxy and may provide
the AGN fueling material which is consistent with an AGN reg-
ulated cooling flow scenario.
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Slit center :   RA = 13:48:52.647   Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-1
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = +2.4 arcsec  
Reference source : N1301001186
PA = -10 deg PA = -10 deg
Slit center :   RA = 13:48:52.604    Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-2
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = +1.8 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA = 13:48:52.561    Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-3
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = +1.2 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA = 13:48:52.516    Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-4
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = +0.6 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA = 13:48:52.473     Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-5
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = 0 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA = 13:48:52.473     Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-5
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = 0 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA = 13:48:52.387   Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-7
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = -1.2 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA =  13:48:52.344    Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-8
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = -1.8 arcsec  
Reference source : N1301001186
PA = -10 deg
Slit center :   RA = 13:48:52.301   Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-9
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = -2.4 arcsec  
Reference source : N1301001186
Slit center :   RA = 13:48:52.258   Dec = +26:35:33.64
RA = 13:48:52.473   Dec. = 26:35:33.64
Dec. offset = 0 arcsec  
OB name : A1795-ISAAC-10
Target : Abell 1795
PI: P. Salome
071.A-0591 (A)
20"
N
E
Slit Offset :
RA offset = -3.0 arcsec  
Reference source : N1301001186
PA = -10 deg
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